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STUDIES. ON THE BREEDING BIOLOGY OF THE KITTIWAKE 
(RISSA TRIDACTYLA) USING MARKED INDIVIDUALS 
R. D. Wooller, B.A. (York) 
being a t h e s i s presented i n candidature for 
the degree of Doctor of Philosophy i n the 
U n i v e r s i t y of Durham, 1973 
ABSTRACT 
The attendance and a c t i v i t y of the members of Kittiwake p a i r s 
at t h e i r breeding s i t e s was monitored throughout 5 s u c c e s s i v e 
breeding seasons using a radioisotope-marker technique. 
The seasonal occupation of the colony from January 
to November i s described, together with the pa t t e r n s of s i t e 
occupation, n e s t - b u i l d i n g , egg l a y i n g , incubation and brooding 
behaviour. P a i r members share almost e q u a l l y the d u t i e s of 
incubation and the brooding and feeding of the young. Although 
one partner can compensate considerably f o r the absence of i t s 
mate, both sexes must normally contribute f or breeding to be 
s u c c e s s f u l . 
A high peak of a c t i v i t y p r i o r to l a y i n g probably 
brings the female i n t o ovulatory c o n d i t i o n , and strengthens 
the p a i r bond j u s t before shared incubation p l a c e s the g r e a t e s t 
s t r a i n upon i t . These e f f e c t s are probably mediated through 
a r r i v a l d i s p l a y s on the s i t e . 
Comparisons revealed that e s t a b l i s h e d p a i r s and 
older, more experienced breeding i n d i v i d u a l s showed higher 
l e v e l s of a c t i v i t y and attendance than l e s s experienced b i r d s . 
The former a l s o i n t e g r a t e d t h e i r p a t t e r n s of behaviour more 
e f f e c t i v e l y , and t h i s probably c o n t r i b u t e s to t h e i r g r e a t e r 
reproductive s u c c e s s . 
Naive i n d i v i d u a l s showed a marked improvement i n 
t h e i r breeding a c t i v i t y during t h e i r second year together. 
However some inexperienced breeding i n d i v i d u a l s i n t e g r a t e 
t h e i r a c t i v i t i e s very s u c c e s s f u l l y a t t h e i r f i r s t attempt, 
whereas some experienced i n d i v i d u a l s do not. I t i s suggested 
tha t some measure of c o m p a t i b i l i t y may be necessary f o r 
s u c c e s s f u l co-ordination of breeding a c t i v i t i e s between p a i r 
members. 
Th i s i d e a of c o m p a t i b i l i t y i s c o n s i s t e n t with the 
very considerable degree of heterogeneity i n the p a t t e r n s of 
p a i r behaviour recorded w i t h i n the population, although 
e s t a b l i s h e d p a i r s showed very s i m i l a r p a t t e r n s i n s u c c e s s i v e 
y e a r s . 
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INTRODUCTION 
Background and aims 
The Kittiwake i s an o b l i g a t o r i l y c o l o n i a l , c l i f f - n e s t i n g g u l l . 
L i k e many s e a b i r d s the s p e c i e s has a low annual m o r t a l i t y rate, 
and some K i t t i w a k e s breed f o r 15 y e a r s or more. Since many 
i n d i v i d u a l s r e t a i n the same mate for s e v e r a l breeding seasons, 
the p a i r r e l a t i o n s h i p may become elaborated i n t o a complex 
bonding system. 
Prolonged experience with one mate r e s u l t s i n a 
more s u c c e s s f u l breeding performance (Coulson 1966a.) although 
the complexity i n v o l v e d may i n c r e a s e the p o s s i b i l i t y of 
d i s j u n c t i o n during the o r d e r l y progression through the events 
of the breeding c y c l e . The enhanced e f f i c i e n c y of long-
e s t a b l i s h e d p a i r s has been a t t r i b u t e d to t h e i r g r e a t e r mutual 
s t i m u l a t i o n and b e t t e r i n t e g r a t i o n of breeding behaviour 
(Coulson 1972). T h i s co-ordination of events between two 
members of a breeding p a i r i s a d i f f e r e n t matter from the 
s y n c h r o n i s a t i o n of breeding events i n a population and may 
be more e s s e n t i a l to reproductive s u c c e s s . 
Any previous experience of breeding may g r e a t l y 
f a c i l i t a t e the development of l a y i n g , i n c ubation and p a r e n t a l 
behaviour as has been shown i n the l a b o r a t o r y with Sing Doves 
(Lehrman & Wortis 1960, 1967; L o t t & Comerford 1968). In 
t h i s s p e c i e s b i r d s recognize t h e i r former mates a f t e r many 
months of i s o l a t i o n , and r e t u r n to mate with them ( E r i c k s o n 
& Morris 1972), such p a i r s having g r e a t e r reproductive 
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success than u n f a m i l i a r p a i r s . T h i s pair-bond they attributed. 
to r e c u r r e n t episodes of d i s p l a y between the members of the p a i r 
(Morris & E r i c k s o n 1971) strengthened by such a c t i v i t i e s as 
all o p r e e n i n g , b i l l i n g , c o u r t s h i p feeding and the exchange of 
nest m a t e r i a l . 
E r i c k s o n & Morris a l s o found that u n f a m i l i a r p a i r s 
of Sing Doves f a i l e d to hatch t h e i r eggs more often than 
f a m i l i a r ones, but that there were no apparent d i f f e r e n c e s i n 
the success of r a i s i n g young. An i d e n t i c a l s i t u a t i o n e x i s t s 
i n the K i t t i w a k e (Coulson 1966a). I n the Gannet, Nelson (196*0 
has a l s o found that young parents are l e s s e f f i c i e n t than older 
ones i n the incubation of t h e i r eggs and the care of t h e i r young 
j u s t a f t e r hatching. However, they fed t h e i r young j u s t as 
frequently and the young fledged a t the same age. 
Incubation i s probably the period when most s t r a i n 
i s placed on the pair-bond, s i n c e the p a r t n e r s only meet to 
hand over incubation d u t i e s . Without reinforcement from 
frequent p a i r i n t e r a c t i o n s , they must i n t e g r a t e t h e i r a c t i v i t i e s 
such that the eggs or young c h i c k s are not l e f t unattended. 
I t seems l i k e l y that t h i s i n t e g r a t i o n would be more e f f i c i e n t 
among p a i r s which had bred together p r e v i o u s l y . 
However, previous breeding experience does not 
n e c e s s a r i l y l e a d to s u c c e s s f u l i n t e g r a t i o n . S l a t e r (1970) 
found wide v a r i a t i o n between p a i r s of Bengalese Finches i n 
t h e i r l a y i n g dates, although a l l were experienced breeders 
and had been kept under c o n t r o l c o n d i t i o n s for a t l e a s t a 
month. He a t t r i b u t e d t h i s to d i f f e r e n c e s i n the extent to 
which the new partner was morphologically and behaviourly 
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compatible with an expected image ( a k i n to the S o l l w e r t of 
Hinde 1966) b u i l t up as the r e s u l t of previous sexual and 
s o c i a l experience. The pair-bond he conceived as a model 
of the partner b u i l t up as a r e s u l t of proximity. 
The Kittiwake defends only i t s nest and a very 
s m a l l t e r r i t o r y around the n e s t . A l l p a i r a c t i v i t i e s take 
place a t the n e s t s i t e , and the young are n e c e s s a r i l y confined 
to the c l i f f s i t e u n t i l they can f l y . Thus i t i s p o s s i b l e to 
monitor reasonably e a s i l y a l l breeding a c t i v i t i e s of s e l e c t e d 
i n d i v i d u a l s while they are a t t h e i r breeding colony. 
This was done during t h i s study to i n v e s t i g a t e some 
of the ways i n which l o n g - e s t a b l i s h e d p a i r s d i f f e r e d from 
newly-formed ones, and experienced p a r t n e r s from naive ones. 
I n t h i s way i t was hoped to e l u c i d a t e some of the f a c t o r s 
c o n t r i b u t i n g to the g r e a t e r success of experienced b i r d s , 
e s p e c i a l l y during the incubation phase. 
The Species 
K i t t i w a k e s and t h e i r c o l o n i e s i n north-eastern England have 
been the s u b j e c t of a s e r i e s of s t u d i e s by Coulson & White 
(1956, 1958a, 1958b, 1959, 1960, 1961) and Coulson (1963, 
1966a, 1972). Other s t u d i e s on the s p e c i e s i n c l u d e those 
of Paludan (1955) i n Denmark, Cul l e n (1957) on the Fame 
I s l a n d s , Northumberland, and Maunder & T h r e l f a l l (1972) i n 
Newfoundland. I n v e s t i g a t i o n s on more n o r t h e r l y c o l o n i e s 
have been made i n Alaska (Swartz 1966) and the U.S.S.R. 
( B e l o p o l ' s k i i 1 9 6 D . 
Breeding b i r d s have been shown to have almost complete 
colony t e n a c i t y (Coulson & White 1958b, Coulson 1972). At 
lower l a t i t u d e s such as north-eastern England, some i n d i v i d u a l s 
may remain a t t h e i r colony for over 9 months i n every year. 
However, as with many other s e a b i r d s , our knowledge 
of what happens to the s p e c i e s away from i t s breeding c o l o n i e s 
i s extremely l i m i t e d . Ringing r e c o v e r i e s suggest extensive 
d i s p e r s a l of young K i t t i w a k e s over the two years f o l l o w i n g 
t h e i r departure from t h e i r n a t a l colony. Adult b i r d s have 
l i t t l e time l e f t when away from t h e i r colony for extensive 
movements (Coulson 1966b). 
During the breeding season the feeding range of the 
Kittiwake i s probably w e l l under a 100 mile r a d i u s from the 
colony (Coulson 1966b) and may be nearer the maximum of 35 m i l e s 
suggested by Pearson (1968) for b i r d s from the Fame I s l a n d s . 
The Study Population 
I n recent y e a r s the K i t t i w a k e , l i k e some other g u l l s (Cramp 1971)» 
has taken to n e s t i n g on b u i l d i n g s . One such colony, on the 
window ledges of a warehouse a t North S h i e l d s , Northumberland 
(55°01'N; 1°26'W), has been studied s i n c e i t s foundation i n 
19^9. Since 1955/1956 almost a l l the breeding b i r d s have been 
i n d i v i d u a l l y colour-ringed. 
The n e a r e s t l a r g e colony of K i t t i w a k e s i s a t Marsden 
Rock (3,500 p a i r s ) and there are smaller c o l o n i e s f u r t h e r up 
the Ri v e r Tyne, near Newcastle ( F i g . l ) . B i r d s from the 
North S h i e l d s colony roost with others i n s e v e r a l p l a c e s a t 
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the mouth of the Tyne. They may be seen there i n autumn and 
e a r l y winter when the colony has been deserted a f t e r the breeding 
season, and a l s o during the re-occupation of the colony i n e a r l y 
January. 
The r e l a t i v e l y s mall s i z e of the colony and the need 
for c o n t i n u a t i o n of long-term s t u d i e s precluded much experimental 
disturbance. Some a d d i t i o n a l information was c o l l e c t e d while 
on the Farne I s l a n d s , Northumberland (55°37'N; 1°37'W) during 
1970 and 1971. 
The colony a t North S h i e l d s grew i n s i z e from 19^9 
u n t i l about 1965 when i t s t a b i l i s e d a t j u s t under 100 breeding 
p a i r s ( F i g . 2 ) . Only i n one year has the mean c l u t c h s i z e 
f a l l e n below 2.0 or the mean number of young fledged per p a i r 
below 1 .0. The proportion of window ledges containing two 
breeding p a i r s has i n c r e a s e d with the s i z e of the breeding 
population ( F i g . 3)* I n such an i n t e n s e l y c o l o n i a l s p e c i e s 
as the K i t t i w a k e i n t e r a c t i o n s between i n d i v i d u a l s are frequent, 
r e s u l t i n g i n severe competition for s i t e s w i t h i n the e s t a b l i s h e d 
breeding areas (Coulson 1971). 
Centre and Edge E f f e c t s 
Although the p h y s i c a l q u a l i t i e s of the window s i t e s a v a i l a b l e 
are a l l equal, Coulson (1968) has shown that there i s marked 
segregation between the b i r d s a t the centre of the colony and 
those a t the edge. B i r d s breeding i n the centre of the colony 
have a lower m o r t a l i t y r a t e , l a r g e r c l u t c h s i z e , g r e a t e r breeding 
s u c c e s s , fledge more young per p a i r , change mate l e s s often, and 
Figure I . The Kittiwake c o l o n i e s on and near the R i v e r ..Tyne 
-in north-eastern England, showing the p o s i t i o n of 
the North S h i e l d s study population 
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Figure 2 . The growth and s t a b i l i s a t i o n of the North S h i e l d s 
K i t t i w a k e population from 1952 - 1972. The mean 
annual c l u t c h s i z e s and the mean number of young 
fledged per p a i r f o r these years are shown above. 
Figure 3* The r e l a t i o n s h i p between the annual s i z e of the 
North S h i e l d s breeding colony and the proportion 
of occupied window-ledge s i t e s which were used 
by two breeding p a i r s (1952 - 1972) 
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l a y e a r l i e r i n the season than b i r d s a t the edge. C e n t r a l 
males are a l s o s l i g h t l y h eavier than males on more p e r i p h e r a l 
s i t e s a t the time of t h e i r recruitment to the population. 
Most males breed for the f i r s t time a t 4 years o ld, 
one year e a r l i e r than females. Both of the sexes often r e t u r n 
to the colony i n the year before they f i r s t breed ( F i g . 4-a). 
Males hatched on c e n t r a l s i t e s breed f o r the f i r s t time at a 
s i g n i f i c a n t l y younger age than those from edge s i t e s (Table 1, 
F i g . 4b), although they do not re t u r n to the colony a t an 
e a r l i e r age. B i r d s breeding f or the f i r s t time on c e n t r a l 
s i t e s are not younger than s i m i l a r b i r d s on edge s i t e s . 
Once a male has acquired i t s i n i t i a l s i t e i n e i t h e r 
the c e n t r a l or edge areas of the colony i t tends to change 
s i t e s only w i t h i n that a r e a . Only very r a r e l y do b i r d s change 
to s i t e s i n the other category. This f i r s t s i t e s e l e c t i o n 
therefore i s l i n k e d to the l a t e r reproductive success of the 
b i r d , and may i t s e l f be r e l a t e d to the q u a l i t y of the b i r d 
concerned (Coulson 1968). 
A s i m i l a r s i t u a t i o n was encountered by Tenaza (1971) 
among Adelie Penguins, where b i r d s which f i r s t bred on 
p e r i p h e r a l s i t e s did not attempt, or were not able, to acquire 
more c e n t r a l p o s i t i o n s . T h i s avoids wastage of time and 
reproductive energy i n p o s s i b l y f r u i t l e s s competition for 
b e t t e r s i t e s . Also, by r e t u r n i n g to the same mate and s i t e , 
a l b e i t p e r i p h e r a l , i n s u c c e s s i v e y e a r s , a b i r d produces more 
o f f s p r i n g . 
** 
S p e c i f i c names of animals mentioned i n the 
tex t are l i s t e d i n Appendix 8 
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Table 1. Age a t time of f i r s t breeding and re t u r n to the 
colony of b i r d s hatched on centre and edge s i t e s 
Hatched 
Centre 
Centre 
Edge 
Edge 
F i r s t bred 
Centre 
Edge 
Centre 
Edge 
Age when f i r s t bred 
( y e a r s ) 
4.25 i 0.4l 
4.57 - 0.53 
4.87 - 0.55 
5.00 - O.38 
Sample s i z e 
20 
23 
15 
17 
Only the f i r s t and l a s t values d i f f e r s i g n i f i c a n t l y : 
t , c = 2.652; P 2% 
Age a t time of f i r s t breeding 
Centre-hatched males (N=43) 4.42 - 0.34 ye a r s 
Edge-hatched males (N=32) 4.94 i 0.31 years 
A l l centre-hatched b i r d s (N=57) 4.58 - 0.68 
A l l edge-hatched b i r d s (N=43) 5.00 - 0.48 
Age when f i r s t seen a t colony 
Centre-hatched b i r d s (N=86) 3.88 - 0.25 years 
Edge-hatched b i r d s (N=73) 3.99 - 0.26 years 
Age of b i r d s breeding f o r the f i r s t time 
On centre s i t e s (N=44) 4.66 - 0.33 years 
On edge s i t e s (N=51) 4.82 - 0.29 years 
( s i m i l a r r e s u l t s obtained f or males only) 
t ? 8 = 2.149 
P * 5% 
t 9 8 =1.980 
P < 5% 
t 1 5 7 = 0.567 
N.S. 
t 9 3 = 0.759 
N.S. 
S t a t i s t i c a l note. Throughout, a l l means w i l l be given 
- 9596 confidence l i m i t s (or 2 x S.E.) 
Degrees of freedom i n s t a t i s t i c a l t e s t s w i l l be 
expressed as a numerical s u b s c r i p t . Thus t^g 
i n d i c a t e s t with 78 d.f. N.S. i n d i c a t e s 
n o n - s i g n i f i c a n c e i n the t e s t a t the 5% l e v e l 
of p r o b a b i l i t y . 
Figure 4a. Percentage frequency d i s t r i b u t i o n s of the ages 
a t which males and females f i r s t bred, and t h e i r 
ages when f i r s t seen back a t the North S h i e l d s 
colony. 
Figure 4b. Percentage frequency d i s t r i b u t i o n s of the ages 
of males when they bred f o r the f i r s t time, 
f o r four c a t e g o r i e s . These represent males 
which o r i g i n a l l y fledged from s i t e s , i n the centre 
or edge of the.colony, and which returned to breed 
on e i t h e r c e n t r a l or edge s i t e s . 
The centre of the colony has been a r b i t r a r i l y 
taken ( f o l l o w i n g Coulson 1968) as those s i t e s 
occupied when the colony was h a l f i t s present s i z e . 
F i g u r e s 4a and 4b are based upon information 
obtained from b i r d s ringed as p u l l i a t North. 
S h i e l d s , which l a t e r .returned to the colony 
to occupy breeding s i t e s . Host of these are 
males and almost a l l have bred at the colony. 
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SECTION I 
ANNUAL ATTENDANCE AND ACTIVITY 
Method 
Some p a i r s were f i t t e d w ith radioisotope markers i n the form 
of l e g bands i n c o r p o r a t i n g r a d i o a c t i v e c o b a l t ^ . A. co b a l t -
n i c k e l a l l o y (k0%' c o b a l t ) was hammered t h i n and 1mm diameter 
d i s c s were cut and cold-welded i n t o aluminium r i n g s which were 
then i r r a d i a t e d . Rings were made up with d i f f e r i n g numbers 
of d i s c s which gave a range of r a d i a t i o n l e v e l s and enabled 
i n d i v i d u a l members of p a i r s to be d i s t i n g u i s h e d . Each d i s c 
had an i n i t i a l a c t i v i t y of 1.905 uC and a maximum of s i x was 
60 
used i n any one r i n g . Cobalt has a h a l f - l i f e of 5.3 years 
and was chosen because i t seemed appropriate to the need to 
study b i r d s i n s e v e r a l s u c c e s s i v e y e a r s . 
The gamma r a d i a t i o n produced by the source was of 
s u f f i c i e n t energy (1.35MeV) to pass through a window and a l s o 
through the body of a b i r d should i t be s i t t i n g on i t s l e g s . 
However, the dosage l e v e l was low enough not to be a major 
hazard to the b i r d s , and p a i r s bred for up to four years 
with no impairment of reproductive s u c c e s s . 
The presence of a r a d i o a c t i v e l y - r i n g e d b i r d on a 
window ledge s i t e was detected by a p a i r of Geiger-Muller 
tubes (20th Century E l e c t r o n i c s B-6-H tubes) mounted behind 
the window. They were positioned above the s i t e to n u l l i f y 
any movements of the b i r d about the ledge, and at a distance 
of about 50 cms from the source ( F i g . 5)« 
Figure 5. Schematic s e c t i o n showing the arrangement used 
to monitor the presence of r a d i d a c t i v e l y - r i n g e d 
members of a breeding p a i r on t h e i r n e s t s i t e 
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The Geiger tubes were energised a t about }60 v o l t s 
by an IDL 7030 Ratemeter. Using t h i s instrument an i n t e g r a t i o n 
time of 30 sees and a range of 0 - 10 counts/sec was found most 
s a t i s f a c t o r y . The instrument a l s o had f a c i l i t i e s for the 
suppression of background r a d i a t i o n . The output from the 
ratemeter went to a Kent 100 rav s t r i p - c h a r t recorder which 
provided a continuous record of the output and hence of the 
presence of a r a d i o a c t i v e b i r d on the s i t e . The members of 
a p a i r could be d i s t i n g u i s h e d by the d i f f e r e n t l e v e l s of the 
tra c e recorded. I n any one year K i t t i w a k e s remain s t r i c t l y 
f a i t h f u l to t h e i r s i t e and i t was only necessary to d i s t i n g u i s h 
between the two mates. 
T r i a l s with d i f f e r e n t c hart speeds (from 1 in/hour 
up to 8 ins/hour) showed that a r a t e of 2 ins/hour was most 
e f f i c i e n t and gave a r e s o l u t i o n of considerably b e t t e r than 
1 minute. - At t h i s speed a 120 f t c h a r t l a s t e d one month 
and recorded a l l a r r i v a l s and departures of r a d i o a c t i v e b i r d s 
at the s i t e . 
T h i s method provides information on the presence or 
absence of members of a p a i r , the frequency and duration of 
t h e i r v i s i t s to the s i t e , and the times of these v i s i t s . 
I t would a l s o be p o s s i b l e to obtain some measure of the 
a c t i v i t y of a b i r d on the s i t e from the amplitude of the 
tra c e recorded, but t h i s was not attempted'. 
A f t e r a time-base had been placed on a ch a r t the 
times of a l l a r r i v a l s and departures a t a s i t e were t r a n s f e r r e d 
to d a i l y record sheets and a l l f u r t h e r a n a l y s i s was c a r r i e d out 
using these s h e e t s . 
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A p p l i c a b i l i t y of the method 
Once s e t up, the arrangement used r e q u i r e s l i t t l e a t t e n t i o n 
other than changing the c h a r t , and p o s s i b l y the w r i t i n g pen, 
once every month. I t w i l l provide continuous data over long 
periods of time - i n t h i s case ten months of each year. Unlike 
photographic methods, i t i s independent of l i g h t . I t i s a l s o 
p o s s i b l e to d i s t i n g u i s h a number of d i f f e r e n t i n d i v i d u a l s a t 
any one l o c a t i o n , although m u l t i p l e l e v e l s may be d i f f i c u l t 
to i n t e r p r e t s i n c e d i f f e r e n t combinations of i n d i v i d u a l s could 
produce the same r e s u l t a n t l e v e l . I n t h i s study only two 
i n d i v i d u a l s occupied any one s i t e and t h e i r l e v e l s of r a d i o -
a c t i v i t y were e a s i l y d i s t i n g u i s h e d . Radioactive tagging has 
been used for t r a c k i n g small mammals for many y e a r s (Godfrey 
195^; Gerrard 1969), but i t i s only r e c e n t l y that i t has been 
used for recording the a c t i v i t y of b i r d s a t t h e i r n e s t s . 
Simultaneously with t h i s study Ward (1969)1 using 
182 
tantalum sources of 100 and 50 uC>, monitored the White-
flanked F l y c a t c h e r and the tunnel-nesting Carmine Bee-eater. 
He r i g h t l y emphasizes the n e c e s s i t y of v i s u a l observations 
over s e v e r a l hours i f the trace recorded i s to be i n t e r p r e t e d 
c o r r e c t l y . 
S t o r t e i r & Palmgren (1971) used the method to study 
the d a i l y a c t i v i t y of the Black Guillemot i n the breeding 
season. They used sources of z i n c ^ with strengths of 2.5 uC 
and 10 uC. They point out that i t gave a continuous and 
accurate p i c t u r e of both incubating rhythm and feeding 
frequency, while reducing human i n t e r f e r e n c e to a minimum 
during the breeding season. 
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T h i s method i s a p p l i c a b l e i n a wide range of 
s i t u a t i o n s where a c t i v i t y a t a n e s t , r o o s t , or other s p e c i f i c 
l o c a t i o n needs to be monitored. I t would be e s p e c i a l l y u s e f u l 
f o r s p e c i e s which are n o c t u r n a l , or n e s t i n h o l e s , burrows and 
c r e v i c e s . I t might a l s o be used for s p e c i e s n e s t i n g i n 
i n a c c e s s i b l e s i t u a t i o n s such as t a l l t r e e s or c l i f f f a c e s , 
as only an i n i t i a l v i s i t to i n s t a l l the d e t e c t o r s i s r e q u i r e d . 
I t could a l s o be h e l p f u l f o r studying s p e c i e s i n which the sexes 
cannot be v i s u a l l y i d e n t i f i e d i n the f i e l d . 
As the equipment needs only minimal a t t e n t i o n and 
can be s i t e d a t a considerable distance from the place being 
monitored, t h i s method would be valuable i n studying s p e c i e s 
which are p a r t i c u l a r l y s e n s i t i v e to disturbance. 
Although a mains supply of e l e c t r i c i t y was used i n 
t h i s study, battery-operated v e r s i o n s of the equipment may 
e a s i l y be assembled, and were used i n the two s t u d i e s of 
b i r d s c i t e d above. 
S e l e c t i o n of the p a i r s studied 
S u f f i c i e n t equipment was a v a i l a b l e to monitor up to 6 p a i r s 
i n any one season. I n i t i a l l y the p a i r s s e l e c t e d were ones 
which had been together for s e v e r a l y e a r s . T h i s was intended 
to provide a b a s e l i n e of w e l l - i n t e g r a t e d a c t i v i t i e s which could 
be used i n comparisons with l e s s - e x p e r i e n c e d p a i r s . I n l a t e r 
seasons p a i r s with l e s s breeding experience, some breeding for 
the f i r s t time, were s t u d i e d . 
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However, these young p a i r s may not be formed u n t i l 
the breeding season i s w e l l advanced. They may undergo 
s e v e r a l changes of apparent mate and s i t e before f i n a l l y 
s e t t l i n g down, and t h i s makes i t very d i f f i c u l t to mark and 
monitor them r a d i o a c t i v e l y i n the e a r l y p a r t of the season. 
I t would have been undesirable to r i n g l a r g e numbers of b i r d s 
with radioisotope markers, both because of the s t r i n g e n t 
r e g u l a t i o n s governing t h e i r use, and because of the d i f f i c u l t y 
of i d e n t i f y i n g i n d i v i d u a l s from subsequent r e c o r d s . 
Due to the reasons above, information during the 
period before egg l a y i n g was incomplete i n eight c a s e s . 
S i x p a i r s were monitored from t h e i r a r r i v a l a t the colony i n 
January u n t i l t h e i r departure i n October or November. 
Information was c o l l e c t e d f o r the periods of egg l a y i n g , 
incubation and the remainder of the breeding season, from 
1968 - 1972 f o r a t o t a l of 22 p a i r - y e a r s . Table 2 l i s t s the 
year, s i t e and i n d i v i d u a l s concerned, and the previous breeding 
h i s t o r i e s of a l l these b i r d s are shown i n Table 3* The dates 
of l a y i n g of these p a i r s may be found i n Appendix 1. 
F i v e of the p a i r s remained unchanged i n two s u c c e s s i v e 
y e a r s , and two p a i r s remained unchanged for three y e a r s . Two 
i n d i v i d u a l s have been followed for four out of the f i v e y e a r s 
of the study. There have been changes of mate due both to 
"divorce" and to bereavement, and a l s o changes of s i t e . 
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Table 3« L i f e - h i s t o r i e s of r a d i o a c t i v e l y ringed b i r d s 
Columns coded as fo l l o w s : 
A.. S i t e and Year 
B I n d i v i d u a l s concerned, a to i are males; j to t females 
C Number of previous y e a r s breeding experience 
D Number of yea r s had bred p r e v i o u s l y with t h i s partner 
E Number of previous years had bred on t h i s s i t e 
F Number of previous p a r t n e r s 
G Number of s i t e s on which had bred p r e v i o u s l y 
H Number of eggs l a i d p r e v i o u s l y 
I Number of eggs hatched p r e v i o u s l y 
J Number of young fledged p r e v i o u s l y 
A B C D E F G H I J 
W1F 68 a 13 12 13 2 1 25 23 22 
j 13 13 2 2 25 23 22 
W1F 69 a Ik 13 Ik 2 1 27 25 Zk 
j Ik Ik 2 2 27 25 2k 
W1E 70 b 1 0 1 1 1 2 2 2 
0 15 0 2 2 29 27 26 
W1E 71 b 2 1 2 2 1 k 
j 16 1 3 3 31 29 28 
W1E 72 b 3 0 3 2 1 6 
k k 0 k 3 8 7 5 
WIG 68 c 6 1 k k 2 11 10 10 
1 6 1 5 3 9 5 5 
WIG 69 c 7 2 5 k 2 13 12 12 
1 7 2 5 3 11 7 7 
WIG 70 c 8 3 6 k 2 Ik 12 
1 8 3 5 3 12 7 7 
SIC 72 i 2 0 0 2 2 k 
V 3 0 2 2 6 2 1 
Continued o v e r l e a f 
15 
Table 3. (Continued) 
A B c D. E F G H I J 
E1D 69 g 8 2 8 3 1 21 12 10 
r 2 2 1 1 6 6 if 
E1D 70 g 9 0 9 if 1 22 12 10 
B 3 0 3 3 6 3 3 
E1D 71 g 10 1 10 1 2if 13 11 
S if 0 k 8 if if 
W1B 68 d 6 6 6 1 1 17 lif 13 
m 9 9 2 1 2if 21 20 
W1B 69 e 0 0 - - - - - -
n 0 0 - - - - - -
W1B 70 f 0 0 0 - - - - -
n 1 1 1 1 2 2 2 
W1B 71 f 1 1 1 1 1 2 2 2 
n 2 2 2 1 if if if 
W1B 72 f 2 0 2 1 1 if 3 3 
P 1 0 1 1 2 1 1 
W1D 70 e 1 0 0 1 1 2 2 2 
q 1 0 1 1 2 2 2 
W1D 71 e 2 1 1 2 2 if 2 2 
q 2 1 2 2 if 2 2 
W1D 72 e 3 2 2 2 2 6 if 3 
q 3 2 2 2 6 if 3 
W1H 71 h 6 k 0 3 if 12 7 7 
t 11 0 6 8 22 9 9 
W2I 72 h 7 5 0 3 if l*f 8 8 
t 12 0 6 8 2if 10 10 
Male a and female j were the most experienced and s u c c e s s f u l 
breeding p a i r i n the colony. 
Male b p a i r e d with female j a f t e r d i v o r c i n g h i s mate. 
Male e bred for the f i r s t time aged if years on W1B, then moved 
the f o l l o w i n g year to W1D. 
Male f, who replaced him, a l s o bred for the f i r s t time i n 1970 aged 4. 
Male i p a i r e d with female v a f t e r d i v o r c i n g h i s mate. Her mate had 
disappeared (presumed dead) during the i n t e r v e n i n g w i n t e r . 
Female k p a i r e d with male b, and female p with male f, both i n 1972 
a f t e r d i v o r c e s from t h e i r mates. Female q a l s o mated with male e 
i n 1970 a f t e r a d i v o r c e . 
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Parameters used 
The information was summarised as weekly t o t a l s , and the 
following parameters were taken : 
1. Attendance. This was the percentage of the period 
concerned when the i n d i v i d u a l (or the p a i r ) was 
present on the s i t e . I n some cases t h i s was 
a d d i t i o n a l l y c a l c u l a t e d for the hours of d a y l i g h t 
only. The attendance of an i n d i v i d u a l i n c l u d e s 
i t s attendance as a member of a p a i r as w e l l as 
i t s attendance alone. 
2 . A c t i v i t y . This was the number of a r r i v a l s a t the 
s i t e by the b i r d concerned. In the case of p a i r 
a c t i v i t y i t was the number of times that one member 
of a p a i r a r r i v e d on the s i t e to f i n d i t s mate 
al r e a d y present. T h i s formation of the p a i r i s 
often accompanied by a greeting ceremony. 
3. The percentage of the weekly period that the s i t e 
was l e f t unoccupied, and hence undefended, by the 
r a d i o a c t i v e p a i r was a l s o c a l c u l a t e d . 
These weekly t o t a l s f or male and female attendance and a c t i v i t y , 
p a i r attendance and a c t i v i t y , and the proportion of time that 
the s i t e was unoccupied, are given for each p a i r - y e a r i n 
Appendix' 2 . Some of these f i g u r e s are represented 
diagrammatically i n F i g s . 7 - 18 where they are shown 
r e l a t i v e to the date on which the f i r s t egg was l a i d . 
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A d d i t i o n a l data f o r s i n g l e b i r d s 
The female which had bred on s i t e W1F i n 1968 and 1969 a l s o 
returned to the s i t e i n 1970. Records were made of her 
attendance while she awaited the r e t u r n of her mate ( F i g . 1 9 ) . 
However, he did not r e t u r n and had presumably died. T h i s p a i r 
had bred together on t h i s s i t e for 13 years and was the most 
experienced breeding p a i r i n the colony. L a t e r i n the year 
the female moved to an adjacent s i t e where she p a i r e d and bred. 
The female who bred on s i t e WIG i n 1968, 1969 and 
1970 a l s o returned to the colony i n 1971 and 1972. She was 
deserted by her mate i n 1970 and he has not been seen s i n c e 
and may be presumed dead. I n 1971 she returned to the same 
s i t e (WIG) as p r e v i o u s l y and although i t was occupied i n t e r -
m i t t e n t l y by a breeding p a i r , she continued to v i s i t the s i t e 
o c c a s i o n a l l y when they were not pres e n t . Records were made 
of these v i s i t s from January to May (Table 1 2 ) . 
I n 1972 she again returned to the s i t e WIG where 
she was recorded from January to March but during t h i s period 
she was a l s o observed on other s i t e s . E v e n t u a l l y she took 
up residence on an adjacent s i t e where she spent a considerable 
amount of time during the second h a l f of the season, and records 
were made of t h i s (Table 1 3 ) * I n n e i t h e r of these two l a t t e r 
y e a r s did she p a i r with a new mate. 
K e s t r e l 
Between 28 March and 28 A p r i l i n 1969 a p a i r of K e s t r e l s 
attempted to n e s t on the warehouse. During the period that 
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these predators were present at the colony the attendance of 
the K i t t i w a k e s was considerably disturbed and t h i s i s r e f l e c t e d 
i n the records for 1969. '-^be K e s t r e l s were removed and the 
K i t t i w a k e s r a p i d l y resumed t h e i r normal pa t t e r n of attendance. 
Time-lapse photography 
Information was c o l l e c t e d for some p a i r s u s i n g the time-lapse 
photographic method of Hodges (1969) * Since t h i s method does 
not n e c e s s i t a t e catching i n d i v i d u a l s to mark them, i t was used 
to study young p a i r s whose composition was u n c e r t a i n , and which 
w e r e ' p a r t i c u l a r l y s u s c e p t i b l e to d i s t u r b a n c e . T h i s method 
only provides information f o r the d a y l i g h t hours, but does 
record the d i f f e r e n t a c t i v i t i e s performed by members of a 
p a i r during t h e i r presence on the s i t e . 
G e n e r a l i s e d p a t t e r n of attendance and a c t i v i t y 
Although there i s very considerable v a r i a t i o n i n the p a t t e r n s 
of a c t i v i t y and attendance between the d i f f e r e n t p a i r s , and 
i n d i f f e r e n t y e a r s , i t i s p o s s i b l e to b u i l d up a g e n e r a l i s e d 
p a t t e r n of these parameters throughout the breeding season. 
Such a p a t t e r n , intended to represent a w e l l - i n t e g r a t e d p a i r , 
i s shown i n F i g . 6 . 
A f t e r the b i r d s r e t u r n i n January or February 
there i s a peak of a c t i v i t y a t the s i t e (A) when the b i r d s 
take possession of the s i t e . At t h i s point they may be 
nervous about coming to land a f t e r some months at sea . 
This i s followed by a peak i n attendance (D) when the b i r d s 
Figure 6 . A g e n e r a l i s e d r e p r e s e n t a t i o n of the a c t i v i t y 
(top f i g u r e ) and attendance (bottom f i g u r e ) 
at t h e i r s i t e during the breeding season, 
of the members of a w e l l - i n t e g r a t e d p a i r . 
A c t i v i t y r e f e r s to the number of v i s i t s 
to the s i t e per week and attendance i s the 
percentage of the week tha t the par t n e r s were 
present or that the s i t e was l e f t vacant (see 
page 1 6 ) . The attendance and a c t i v i t y of male 
and female i n c l u d e s t h e i r attendance and a c t i v i t y 
as members of the p a i r . 
The l e t t e r s are reference p o i n t s mentioned 
i n the t e x t , and a s o l i d t r i a n g l e i n d i c a t e s the 
date when the eggs we're l a i d . 
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s e t t l e down to claim ownership of the s i t e by occupying i t 
i n t e n s i v e l y and r e g u l a r l y . Attendance a t the s i t e f a l l s 
away before b u i l d i n g up again i n March. A f t e r t h i s , the 
attendance of the male f a l l s g radually, while that of the 
female b u i l d s up u n t i l by point ( E ) before l a y i n g the female 
l e v e l i s about 80 % attendance and that of the male 40 %. 
At t h i s time the female remains on the s i t e 
c o n t r i b u t i n g l a r g e l y , although not e n t i r e l y , towards the 
b u i l d i n g of the nest and being fed by the male. Meanwhile 
he indulges i n b u r s t s of a c t i v i t y e i t h e r f i s h i n g or c o l l e c t i n g 
n e s t m a t e r i a l . T h i s r e s u l t s i n a l a r g e peak of p a i r a c t i v i t y (B) 
p r i o r to l a y i n g of about 100 - 160 v i s i t s per week, mainly caused 
by the 80 - 100 v i s i t s per week to the s i t e by the male. 
The a c t u a l amount of time that the p a i r are together 
a t t h i s point (E) has f a l l e n quite s t e e p l y to about 15 - 20 % 
or l e s s , and i t d i e s away almost completely during the incubation 
of the eggs when the b i r d s only meet b r i e f l y to change over 
incubation d u t i e s - i n which they take roughly equal shares. 
During the brooding and care of the young both 
members of the p a i r again spend s i m i l a r amounts of time on the 
s i t e , and meet only at changeover times. About 6 - 1 0 weeks 
a f t e r egg-laying the p a i r f i n a l l y begin to leave the s i t e 
vacant f o r i n c r e a s i n g lengths of time, and are often away 
from the s i t e overnight. 
A f t e r the young have departed there i s a post-
breeding resurgence of a c t i v i t y i n J u l y and August. At 
t h i s point (C) the peak of male a c t i v i t y occurs a week 
before that of the female. T h e i r a c t i v i t y i s f a i r l y high 
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r e l a t i v e to t h e i r s i t e attendance at t h i s point ( F ) and there 
are some sig n s of sexual and t e r r i t o r i a l a c t i v i t y . T h i s i s 
d i s c u s s e d f u r t h e r i n S e c t i o n V I I . 
A f t e r t h i s the b i r d s spend l e s s time on the s i t e 
and t h e i r attendance t a i l s away f a i r l y r a p i d l y u n t i l by September 
and October the s i t e i s v i r t u a l l y untenanted. 
Daylight and overnight p a t t e r n s of attendance have 
been c a l c u l a t e d f o r p a i r s W1E and E1D i n 1971 for comparison 
with the f u l l p r o f i l e s ( Tables k and 5 i n Appendix 3 ) . The 
only major d i f f e r e n c e occurs e a r l y and l a t e i n the season 
when b i r d s are absent overnight from the colony* The greater 
d a y l i g h t attendance at t h i s time i s presumably necessary 
because t h i s i s when ownership of the s i t e s i s contested. 
Comparisons of attendance and a c t i v i t y of d i f f e r e n t p a i r s 
A very g e n e r a l i s e d p i c t u r e of the attendance and a c t i v i t y of 
p a i r s a t t h e i r nest s i t e s has been drawn, but p a i r s d i f f e r e d 
i n some r e s p e c t s i n t h e i r p a t t e r n s , although the same p a i r i n 
s u c c e s s i v e years tended to have very s i m i l a r p a t t e r n s . Some 
of these p a t t e r n s are represented i n F i g s . 7 - 18 and b r i e f l y 
considered below. A more d e t a i l e d d i s c u s s i o n of these p a i r s 
can be found i n Appendix k. 
The most s u c c e s s f u l and experienced p a i r a t the 
colony ( F i g s . 7 and 8 ) shows the high degree of i n t e g r a t i o n 
a t t a i n e d a f t e r many seasons of shared a c t i v i t y . A p r o g r e s s i v e 
improvement i n performance due to i n c r e a s i n g i n d i v i d u a l breeding 
experience and previous experience with the same partner i s 
shown i n F i g s . 9 , 10 and 11. 
F i g u r e s 7 - 1 8 
These f i g u r e s are based upon information given i n Appendix:-2 
and each f i g u r e shows the seasonal attendance and a c t i v i t y 
p r o f i l e s of p a i r s r e f e r r e d to b r i e f l y i n the t e x t , and 
d i s c u s s e d i n more d e t a i l i n Appendix 4. 
Hatched k i t e diagrams represent changes i n weekly a c t i v i t y 
and cross-hatched ones show weekly attendance. I n each f i g u r e 
the diagrams from top to bottom show : 
Hale a c t i v i t y 
Male attendance 
Female a c t i v i t y 
Female attendance 
P a i r a c t i v i t y 
F a i r attendance 
Percentage time s i t e l e f t empty 
A v e r t i c a l l i n e during May shows the date on which the f i r s t 
egg was l a i d , and attendance and a c t i v i t y were c a l c u l a t e d f o r 
weekly periods from t h i s date. 
H o r i z o n t a l l i n e s bounding attendance diagrams denote 100 % 
attendance, and a. s i m i l a r s e p a r a t i o n distance f o r l i n e s 
e n c l o s i n g a c t i v i t y p r o f i l e s r e p r e s e n t s 100 v i s i t s per week. 
Some a c t i v i t y diagrams are d e l i m i t e d by l i n e s denoting 
150 v i s i t s / w e e k . 
The f i g u r e s represent the f o l l o w i n g p a i r s , and y e a r s : 
7 W1F 1968 
8 W1F 1969 
9 W1E 1970 
10 W1K 1971 
11 W1E 1972 
12 WIG 1969 
13 WIG 1970 
Ik E1D 1970 
15 E1D 1971 
16 W1B 1970 
17 W1B 1971 
18 W1D 1972 
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Conversely, co-ordination between even experienced, 
partners may d e t e r i o r a t e to a point where they no longer 
breed s u c c e s s f u l l y ( F i g s . 12 and 1 3 ) . Low male breeding 
a c t i v i t y may often be resp o n s i b l e f o r such f a i l u r e , although 
i t sometimes produces a r e l a t i v e l y weak p a i r bond which i s 
s t i l l s u f f i c i e n t for breeding to be s u c c e s s f u l ( F i g s . Ik and 13 )* 
Inexperienced i n d i v i d u a l s breeding together f or the 
f i r s t time may i n t e g r a t e t h e i r breeding a c t i v i t i e s very 
s u c c e s s f u l l y ( F i g . 1 8 ) , but presumably some measure of 
c o m p a t i b i l i t y between the pa r t n e r s i s necessary f o r t h i s to 
happen. More commonly, b i r d s breeding f o r the f i r s t time 
record low l e v e l s of a c t i v i t y which i n c r e a s e considerably on 
the second occasion that they breed together (Tables 6 - 9 
i n Appendix 4 ) . 
A", non-breeding p a i r monitored throughout two seasons 
showed a r e v e r s a l of the normal p a t t e r n of s i t e occupation 
(Tables 10 and 11 i n Appendix k ) t although t h i s p a i r could 
not be regarded as t y p i c a l of non-breeding p a i r s . 
The male of one p a i r , i n the second season monitored, 
attempted to r e t a i n two s i t e s . Except during incubation and 
e a r l y brooding he a l t e r n a t e d between the two s i t e s (Tables 12 
and 13 i n Appendix 
The attendance of a female awaiting the r e t u r n of 
her mate i s i l l u s t r a t e d i n F i g . 1 9 . Although t h i s female 
pai r e d with a new partner, some unmated females appear unable 
or u n w i l l i n g to take a new mate. The attendance of one such 
i n d i v i d u a l i n two s u c c e s s i v e y e a r s i s given i n Tables 1^ and 
13 ( i n Appendix 4 ) , and i n the l a t t e r year she recorded some 
very high attendance f i g u r e s . 
Figure 19 . Percentage d a i l y attendance on s i t e W1F during 
e a r l y 1970 by a female u n s u c c e s s f u l l y awaiting 
the r e t u r n of a mate with whom she had bred 
p r e v i o u s l y f o r Ik seasons. During March she 
moved to an adjacent s i t e and paired with a 
new p a r t n e r . 
i 
L U 
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Such attachment to a s i t e alone suggests the 
p o s s i b i l i t y t h a t some older females may develop as "matriarchs 
although, as mentioned above, the o l d e s t female a t the colony 
r e a d i l y took a new mate on a d i f f e r e n t s i t e when i t became 
apparent th a t her previous mate would not r e t u r n . Females 
with more than about 6 years previous breeding experience are 
more l i k e l y to remain on the same s i t e when remating a f t e r 
changing t h e i r mate (Table 1 6 ) . Only about 30 % of younger 
females remain on t h e i r previous s i t e a f t e r a mate change, 
but t h i s proportion doubles i n older females, suggesting 
behavioural changes among these l a t t e r b i r d s . 
Table 16 . S i t e r e t e n t i o n a f t e r a mate change by d i f f e r e n t 
aged females 
Percentage females 
Breeding experience r e t a i n i n g same s i t e Sample 
( y e a r s ) a f t e r mate change s i z e 
1 - 3 29 200 
k - 5 30 79 
6 - 7 kh ^5 
8 and over 69 29 
SECTION I I 
OCCUPATION OF THE COLONY 
Annual return 
The date on which the b i r d s f i r s t a r r i v e back a t the colony 
a f t e r t h e i r "winter" away a t sea has been s t e a d i l y advancing. 
In 1952 they a r r i v e d on 27 February, i n 1953 ° » 17 February 
and i n 195^ on k February. More r e c e n t l y i n 1971 the b i r d s 
a r r i v e d on 8 January, i n 1972 on 1 January and i n 1973 on 
2 January. 
At a much l a r g e r colony 3 m i l e s fur t h e r - s o u t h 
(Marsden Bock) the K i t t i w a k e s have been r e t u r n i n g at about 
the same time of year as they did twenty years ago. 
T h i s advance i n a r r i v a l a t North S h i e l d s may be 
due to a general trend such as c l i m a t i c a melioration or 
e a s i e r a v a i l a b i l i t y of food i n December and January. 
However, i f t h i s were tru e , one would expect the a r r i v a l 
at the Marsden colony to show a s i m i l a r advance. 
Another p o s s i b i l i t y i s that as the colony has 
matured, competition for s i t e s among older and more experienc 
i n d i v i d u a l s has i n c r e a s e d , f o r c i n g them to r e t u r n e a r l i e r to 
acquire s u i t a b l e s i t e s . 
During the f i r s t three months of 1970 - 1972 the 
colony was v i s i t e d twice each week and the build-up i n the 
number of b i r d s i s shown f o r these y e a r s i n Tables 17 a, b 
and c and i n F i g . 20. 
A f t e r an i n i t i a l l y r a p i d r i s e i n January the 
number of b i r d s present a t the colony i n February and March 
Figure 20. The numbers of b i r d s a t the North S h i e l d s colony 
during the f i r s t three months of 1970, 1971 and 1972, 
and the cumulative t o t a l s of these which had not been 
seen p r e v i o u s l y that year. The figure' a l s o i l l u s t r a t e s 
the percentage of the annual breeding population 
(about 100 p a i r s ) which was present on each v i s i t 
to the colony. 
• Tables 17 a, b, and c give the information f o r 
these three y e a r s upon which t h i s f i g u r e i s based. 
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Table 1 7 a . A r r i v a l of b i r d s a t the North S h i e l d s colony i n 1970 
Date a b c d e f S h 
26/1 11 6 55 6 11 55 - 17 
2 /2 29 2^ 83 30 ko 73 97 33 
9 28 13 k6 ^3 68 56 65 k2 
16 31 8 26 51 99 k5 61 >+3 
18 k5 8 8 59 Ikk 35 76 k6 
23 33 2 6 61 177 29 5k k& 
2 /3 59 17 29 78 236 27 76 k9 
13 6*f 10 16 88 300 2k 73 52 
19 76 12 16 100 376 22 76 51 
20 93 5 5 105 *f69 20 89 50 
25 106 6 6 111 575 17 95 51 
26 107 1 1 112 682 l*f 96 51 
2/k 90 1 1 113 772 12 80 50 
Column headings : 
a Number of b i r d s a t the colony on the date s p e c i f i e d 
b Number of these which had not been seen p r e v i o u s l y 
(new a r r i v a l s ) ^ 
c Percentage of new a r r i v a l s on date concerned ( v i z . a as % ) 
d Cumulative t o t a l of b i r d s known to have returned to colony 
e Cumulative t o t a l of a l l b i r d - v i s i t s to colony recorded 
f Percentage of b i r d - v i s i t s to colony made by new a r r i v a l s 
•d 
( v i z . e as % ) 
g Percentage of b i r d s known to have returned to the colony 
which were present on the date concerned ( v i z . d as % ) 
h Cumulative percentage of a l l new a r r i v a l s which were 
made by females 
V i s i t s were made to the colony twice a week, although not at 
re g u l a r i n t e r v a l s , a t d i f f e r i n g times of day between 0900 
and 1600. 
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Table 17b. A r r i v a l of b i r d s a t the North S h i e l d s colony i n 1971 
Date a b c d e f S h 
8/1 3 3 
12 16 13 81 13 16 81 - *0 
15 36 21 58 3* 52 65 - *6 
18 2* 11 *6 *5 76 59 53 ** 
20 25 6 2* 51 101 51 *9 *3 
22 *5 11 2* 62 1*6 *2 73 *7 
26 66 16 2k 78 212 37 85 *7 
29 &k 1* 17 92 296 31 91 50 
1/2 67 3 5 95 363 26 71 50 
75 3 98 *38 22 77 50 
9 51 2 * 100 *89 20 51 50 
12 67 8 12 108 556 19 62 *9 
16 60 2 3 110 616 18 55 *9 
19 82 6 7 116 698 17 71 *8 
23 58 6 10 122 756 16 *8 *9 
26 87 7 8 129 8*3 15 67 50 
2 / 3 9* 2 2 131 937 1* 72 51 
9 k2 2 5 133 979 1* 32 50 
12 *6 2 135 1025 13 3* 50 
16 85 8 9 1*3 1110 13 59 50 
19 102 2 2 1*5 1212 12 70 et seq. 
23 85 2 2 1*7 1297 11 58 
25 91 0 0 1*7 1388 11 62 
31 9* 6 6 153 1*82 10 61 
Column headings as i n Table 17a . 
January (8 o b s e r v a t i o n s ) 92 new b i r d s (31 %) 
February (8 observations) 37 new b i r d s ( 7 %) 
March (8 observations) 2* new b i r d s ( * % ) 
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Table 17c . A r r i v a l of b i r d s a t the North S h i e l d s colony i n 1972 
Date a b c d e f S h. 
V I if if 100 if if 100 100 0 
7 25 21 8if 25 29 86 100 if2 
10 22 6 27 31 51 61 71 if6 
13 32 11 3k if2 83 51 76 k7 
17 19 3 16 k5 102 ifif if2 k8 
21 22 8 36 53 12if k3 if2 52 
Zk 73 3k k7 87 197 kk 8if 51 
27 78 10 13 97 275 35 80 50 
2 /2 73 8 11 105 3^8 30 70 50 
if 77 8 10 113 kZ3 27 68 e t seq. 
8 80 if 5 117 505 23 68 
11 97 if 4 121 602 20 80 
Ik 72 1 1 122 67k 18 59 
17 83 if 5 126 757 17 66 
21 57 3 5 129 8l i f 16 ifif 
23 89 2 2 131 903 15 68 
28 76 1 1 132 979 l i f 58 
1/3 79 if 5 136 1058 13 58 
6 79 7 9 1^3 1137 13 55 
10 60 if 7 l if7 1197 12 i f l 
13 8*f if 5 151 1281 12 56 
15 89 5 6 156 1370 11 57 
20 91 if if 160 l i f 6 l 11 57 
23 96 3 3 163 1557 10 59 
27 66 1 2 l6if 1623 10 ifO 
30 61 if 7 168 l68if 10 36 
Column headings as i n Table 17a 
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remains f a i r l y s t a b l e , although during t h i s period b i r d s not 
seen p r e v i o u s l y a t the colony that year continue to a r r i v e . 
There i s no pronounced trend f o r one sex to 
a r r i v e back e a r l i e r than the other, although i n a l l three 
y e a r s considered males represented a higher proportion of 
f i r s t a r r i v a l s e a r l y i n January. Since the males are the 
s i t e h o l d e r s there may be gr e a t e r pressure on them to re t u r n 
e a r l i e r to secure s u i t a b l e s i t e s . Any d i u r n a l i t y i n the 
attendance of the sexes would b i a s t h i s f i n d i n g , but s i n c e 
the colony was covered during most of the hours that i t was 
attended, t h i s i s thought u n l i k e l y . 
Using the data for 1971 i t was found that for 
males and females the date of r e t u r n was s i g n i f i c a n t l y r e l a t e d 
to the number of years that the i n d i v i d u a l had bred a t the 
colony : 
Males r ^ = +- 0 .673 P < 0 .1 56 y = 5.84 + 0.39*. 
Females r ^ = + O.583 P < 0 .1 %' y = 5 .7^ + OAOx: 
(where y = weeks before 1 A p r i l that f i r s t seen 
at colony, and x: = number of yea r s breeding 
experience) 
Since breeding experience and the number of years as a member 
of the same p a i r are c l o s e l y r e l a t e d (males r ^ = + 0 .823; 
females r ^ = +- 0 .776) i t i s not s u r p r i s i n g that the longer 
a p a i r have been together, then the e a r l i e r they r e t u r n : 
Males r^7 = + O.636 P-tf 0 .1 % y =. 3 .97 +• 0 .33x 
Females r ^ = + O.582 V< 0 .1 % y = 3 .56 + 0 .31x 
(where y = weeks before 1 A p r i l that f i r s t seen 
at colony, and x = number of y e a r s that i n d i v i d u a l 
was member of same p a i r ) 
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Not unexpectedly, the b i r d s which returned e a r l i e r to the colony 
paid more subsequent v i s i t s to the colony over the three month 
period considered. They a l s o appeared to be more frequent i n 
t h e i r attendance (as determined by t h e i r presence or absence 
at the colony a t the time of v i s i t ) . Tables 18 and 19 • 
These d i f f e r e n c e s i n r e g u l a r i t y of attendance are 
not s i g n i f i c a n t however. Nor could any r e l a t i o n s h i p be 
demonstrated between the mean number of times per week that 
an i n d i v i d u a l was seen, and i t s date of r e t u r n ( ^ 5 2 ~ + ^-1436 N.S.) 
Table 18 . Frequency of attendance at the colony a f t e r i n i t i a l 
r e t u r n i n January to March 1971 
Returned between : 12/1 - 20/1 22/1 - 1/2 4 /2 - 19 /3 
Mean no. times seen 
at colony s i n c e 
r e t u r n 12 .5 - 1 .0 9 .7 - 1.0 4 .1 - 0 .7 
%' v i s i t s when present 
at colony ( a f t e r 
i n i t i a l r e t u r n ) 66 % 6k % 59 % 
Sample s i z e 46 46 47 
Table 19 . Frequency of attendance a t the colony a f t e r i n i t i a l 
r e t u r n i n January to March 1972 
January February March 
Mean v i s i t s per 
month when seen 4 .7 - 0 .9 4 .3 - 1 .3 3 .6 - 0 .7 
% v i s i t s when present 
at colony ( a f t e r 
i n i t i a l r e t u r n ) 52 % 47 % kO % 
Sample s i z e 84 32 37 
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I n d i v i d u a l s r e t u r n i n g i n January and i n February d i f f e r e d 
s i g n i f i c a n t l y i n the mean number of s i t e s per month on which 
they were seen during February (^-QIJ = 2.1004; P 5 %) and 
during March ( t 1 1 5 = 2 .6191; P < 1 %) (Table 2 0 ) . Birds 
r e t u r n i n g i n March were seen on s i g n i f i c a n t l y more d i f f e r e n t 
s i t e s during t h a t month than January-returning b i r d s 
( t 1 2 2 = 3-9^01; P < 0 . 1 % ) . 
January-returning b i r d s were seen on s i g n i f i c a n t l y 
fewer d i f f e r e n t s i t e s during t h e i r f i r s t month back a t the 
colony ( v i z . Jan.) than February-returning b i r d s i n t h e i r 
f i r s t month (Feb.) ( t l l Z f =- 2.^976; P < 2 %) or March-returning 
b i r d s during March ( t 1 2 1 = 2 .2971; P < 5 % ) . 
Thus b i r d s r e t u r n i n g e a r l i e r i n the season were le s s 
prone to move around on d i f f e r e n t s i t e s than l a t e r b i r d s , both 
during t h e i r f i r s t month back at the colony, and indeed i n 
subsequent months. 
Table 20. S i t e f a i t h f u l n e s s of b i r d s r e t u r n i n g i n January 
February and March 1972 
Mean number of s i t e s on which seen during 
January February March Sample 
size 
Returned i n 
January 1.262 - 0.118 1.29^ - 0.133 1.1^5 - O.O85 85 
February - I . 5 8 I - 0.275 1.393 - 0.21k 31 
March - - 1.526 - 0.223 38 
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D a i l y occupation of the colony 
Since the r a d i o a c t i v e - t a g g i n g method only provides i n f o r m a t i o n 
f o r a few p a i r s , and these may contain some p a i r s a t y p i c a l i n 
t h e i r behaviour, observations were made of a colony on the 
Brownsman, Fame Islands, i n 1970, and to a lesser extent i n 
1971. 
The numbers at t h i s colony were counted from sunrise 
to sunset over a 14-day period j u s t before the l a y i n g of the 
f i r s t eggs (3 May 1970). The f i g u r e s i l l u s t r a t e the r a p i d 
build-up i n numbers at the colony from f i r s t l i g h t u n t i l about 
0900 (Table 21 and F i g . 2 1 ) . The number of s i t e s occupied 
changes hardly at a l l from t h i s mid-morning l e v e l , but the number 
of b i r d s continues to r i s e - w i t h a consequent increase i n the 
p r o p o r t i o n of occupied s i t e s w i t h p a i r s . This trend continues 
u n t i l dusk. 
A s i m i l a r s i t u a t i o n e x i s t s i n the Gannet where 
Nelson (1965, p. 2 6 l ) says "There i s no s i g n i f i c a n t d a i l y 
rhythm, except e a r l y i n the season when males and p a i r s are 
mainly i n attendance l a t e i n the day". 
The number of b i r d s not on the c l i f f but i n the roost 
at i t s base, or r a f t i n g and bathing nearby, also increases 
n o t i c e a b l y over t h i s p e r i o d . Many of these b i r d s were i n 
immature plumage, and p o s s i b l y many of the others were non-
breeding b i r d s a r r i v i n g at the colony l a t e r i n the day. 
As w e l l as a d i u r n a l change i n the percentage of 
s i t e s w i t h p a i r s , t h i s p r o p o r t i o n i s a f f e c t e d by the stage i n 
Figure 21. Changes i n the number of occupied s i t e s and 
b i r d s present from dawn to dusk a t a K i t t i w a k e 
colony. The i n f o r m a t i o n was c o l l e c t e d a t the 
Brownsman colony on the Farne Islands during 
the f o r t n i g h t before the f i r s t eggs were l a i d 
(see Table 21). The r i s e , throughout t h i s 
d a y l i g h t p e r i o d , i n the percentage of occupied 
s i t e s w i t h p a i r s present, i s also shown. 
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Table 2 1 . D a i l y occupation of s i t e s i n the Brownsman colony, 
Farne Islands, during the f o r t n i g h t before egg-
l a y i n g , 1970 
Hourly Days 
period Observ- Occupied. Birds on Birds at % s i t e s w i t h 
ending a t i o n s s i t e s 
(a) 
c l i f f 
(b) 
colony 
(c) 
p a i r s 
(d) 
0400 5 15^ 155 160 1 
0500 6 125 132 168 3 
0600 6 337 3^7 443 6 
0700 8 417 ^55 523 9 
0800 13 445 499 595 12 
0900 13 427 466 537 9 
1000 12 488 565 690 16 
1100 11 477 552 704 16 
1200 10 474 553 706 17 
1300 13 490 592 901 21 
1400 11 476 564 776 18 
1500 12 518 638 839 23 
1600 13 500 600 812 20 
1700 13 493 613 839 24 
1800 13 471 583 888 24 
1900 12 515 687 931 33 
2000 13 503 669 875 33 
2100 12 490 625 820 28 
Column a records the mean number of s i t e s on the c l i f f 
which were occupied 
Column b records the mean number of b i r d s on the c l i f f 
Column c records the mean t o t a l number of b i r d s at the 
colony ( t h i s includes those on the c l i f f + 
those r o o s t i n g , r a f t i n g , bathing and f l y i n g 
close t o the colony) 
Column d gives the percentage of occupied s i t e s w i t h 
p a i r s 
ATI means were calculated from observations during the 14 days 
p r i o r to the f i r s t eggs being l a i d on 3 May 1970 
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the breeding c y c l e . The c l i f f was divid e d f o r counting 
purposes i n t o f o u r sections corresponding t o a beach c l i f f ( l ) , 
an intermediate area ( 2 ) , the main c l i f f ( 3 ) , and a seaward 
c l i f f ( 4 ) . No d i f f e r e n c e s were found between these areas 
i n the proportions of s i t e s w i t h p a i r s i n A p r i l and e a r l y May, 
Later i n the season counts were made at the end of May and i n 
e a r l y June. At t h i s time the pr o p o r t i o n of w e l l - b u i l t nests 
containing eggs was also recorded (Table 2 2 ) . The pr o p o r t i o n 
of p a i r s present was lower than e a r l i e r i n the season, due to 
many p a i r s i n c u b a t i n g eggs, when they meet only a t the change-
over of incubation d u t i e s . As more nests contain eggs, t h i s 
p r o p o r t i o n declines f u r t h e r . 
Table 22 . Percentages of s i t e s on four sections of Brownsman 
C l i f f , w i t h p a i r s and w i t h eggs 
Section 2.k May 2 June 6 June 10 June 
Pairs Eggs Pairs Eggs Pairs Eggs Pairs Eggs 
1 12 7^ 7 93 6 91 3 95 
2 17 52 12 76 7 82 7 81 
3 8 92 13 100 8 98 k 9^ 
4 11 &k 7 100 if 100 k 94 
The p a i r s column records the percentage of occupied s i t e s 
w i t h p a i r s present. The eggs column records the 
percentage of cup nests (370 counted) w i t h eggs. 
A l l counts were made a t midday. 
For any date the d i f f e r e n c e s i n numbers of p a i r s r e f l e c t s the 
numbers of p a i r s w i t h eggs. I t i s i n t e r e s t i n g to note t h a t 
the area where the nests were most dense ( Section 3) was the 
one where the f i r s t eggs were l a i d , and also where the highest 
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p r o p o r t i o n of nests contained eggs. I t was also the e a r l i e s t -
l a y i n g s e c t i o n . The l e a s t dense area (2) was the l a t e s t to l a y 
and never reached as high a l e v e l of nests w i t h eggs as the other 
areas. The other two sections were l a t e r than the main c l i f f , 
but s t i l l l a i d a high p r o p o r t i o n of eggs. 
The f i r s t eggs hatched between 6 June and 10 June, 
and the f a l l i n percentage of nests w i t h eggs at t h i s time i n 
the e a r l y - l a y i n g areas may be due to l o s s of eggs or chicks, 
or t o an i n f l u x of l a t e - l a y i n g or non-laying b i r d s b u i l d i n g 
new nests i n these areas while the aggression of the incubating 
b i r d s was at a low l e v e l . 
Counts made i n 1971 showed a s i m i l a r p a t t e r n to t h a t 
f o r 1970, the percentage of occupied s i t e s w i t h p a i r s r i s i n g 
from zero at dawn to a maximum at dusk. There was again very 
l i t t l e d i f f e r e n c e between the four areas. 
However, on 2h A p r i l a b r i e f but v i o l e n t storm washed 
a l l the nests o f f areas 2 , 3 and k during the n i g h t . Early on 
the f o l l o w i n g morning there was a very high attendance at the 
colony, p a r t i c u l a r l y i n the sections where the nests had been 
l o s t (Table 2 3 ) . The b i r d s i n these areas r e b u i l t t h e i r nests 
extremely r a p i d l y , many f i n i s h i n g them w i t h i n two days. A 
s i m i l a r instance has been recorded by Maunder & T h r e l f a l l (1972) 
where 7 out of 8 nests destroyed by v i o l e n t waves were r e b u i l t 
i n 2 - 9 days. 
Before the storm the nests i n the denser areas 
(3 and k) were more advanced than those i n areas 1 and 2 . 
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Table 23. Percentages of occupied s i t e s w i t h p a i r s present, 
before and a f t e r a storm on 24 A p r i l 1971 
Fame Islands 
Date C l i f f section : 1 2 3 4 
22 A p r i l 20 18 15 13 
23 A p r i l 18 24 16 17 
24 A p r i l 13 most nests washed i 
25 A p r i l 34 41 44 40 
26 A p r i l 21 15 17 15 
27 A p r i l 21 16 16 11 
A l l values represent percentages (- 2 % f o r 95 % 
confidence l i m i t s ) of occupied s i t e s c o n taining p a i r s , 
f o r the summation of a l l readings during a day (0700 - 2130) 
A f t e r the storm one might have expected t h a t the b i r d s i n the 
r e l a t i v e l y unaffected area 1 would have become more advanced 
and hence the e a r l i e s t to l a y . However, w i t h i n a few days 
most of the nests i n sections 3 and 4 were once more at a 
f u r t h e r advanced stage, and t h i s was maintained throughout 
the r e s t of the season. 
There would thus appear to be no r i g i d period of time 
necessary to b u i l d a nest, and, indeed, i t can be done very 
r a p i d l y should t h i s prove necessary. The stat e of the nests 
i n an area would appear to be a good i n d i c a t o r of the stage 
i n the breeding cycle which those b i r d s have reached. 
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The b i r d s returned a f t e r only a few days to t h e i r 
normal p a t t e r n of d a i l y occupation of the colony, except t h a t 
a f t e r the storm they tended to reach a peak i n numbers e a r l i e r 
i n the day, and then to decline i n numbers up to sunset. 
Unfortunately, counts could not be continued long enough to see 
i f t h i s trend p e r s i s t e d . 
F i r s t morning a r r i v a l or departure i n r e l a t i o n to sunrise 
I n the r a d i o a c t i v e l y marked p a i r s the f i r s t event of the day was 
normally the a r r i v a l of a member of the p a i r onto the s i t e . 
E a rly and l a t e i n the season the s i t e i s empty overnight, 
but i n the middle of the breeding season i t s mate would 
normally be present, having spent the n i g h t on the s i t e . 
I n about 9 % of cases, however, a b i r d which had 
been overnight on the s i t e departed before the a r r i v a l of i t s 
mate, e i t h e r to f l y out to sea or on a series of short a e r i a l 
c i r c u i t s around the colony. This was also counted as the f i r s t 
event of the day. The times of these f i r s t events were p l o t t e d 
i n r e l a t i o n to the time of sunrise throughout the season, and an 
example i s given i n F i g . 22a. 
Early i n the season (January and e a r l y February) the 
b i r d s do not a r r i v e at the colony u n t i l an hour or two a f t e r 
sunrise. This may be due to a r e l a t i v e l y greater p r o p o r t i o n 
of the short d a y l i g h t period a v a i l a b l e a t t h i s time of year 
being needed f o r feeding. A l t e r n a t i v e l y , the a t t r a c t i o n of the 
colony may be weak at t h i s time of year. Possibly a s u f f i c i e n t 
number of b i r d s need t o gather before they provide adequate 
Figure 22a. The r e l a t i o n s h i p between the time of sunrise 
(the s o l i d l i n e ) and the times of the f i r s t event 
of the day (dots) f o r p a i r W1F throughout the 
1969 breeding season. This f i r s t event was 
normally the a r r i v a l of one member of the p a i r 
on the s i t e . " .' 
The arrows i n d i c a t e the dates when the f i r s t 
egg was l a i d and hatched, and when the young ' 
fledged. 
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s t i m u l a t i o n t o overcome t h e i r fear of land a f t e r a wi n t e r spent 
at sea. Also the need to obtain and defend a s i t e at t h i s time, 
when only a few other b i r d s are present at the colony, i s minimal. 
the second h a l f of February the b i r d s are a r r i v i n g w i t h i n 15 -
30 mins of sunrise. This s i t u a t i o n p e r s i s t s , the a r r i v a l of 
the b i r d s advancing by four hours i n p a r a l l e l w i t h the advance 
i n the time of sunrise, u n t i l e a r l y or mid May when l a y i n g 
takes place. This p a t t e r n i s probably due to the need to 
acquire a s i t e by constant attendance, and defend i t during 
the d a y l i g h t hours. During t h i s p e r i o d some p a i r s e x h i b i t e d 
s i g n i f i c a n t l y greater d e v i a t i o n from sunrise i n t h e i r a r r i v a l 
times than others (Table 24a, Fi g . 22b). 
Table 24a. Differences between p a i r s i n the times of t h e i r 
f i r s t morning events i n r e l a t i o n to sunrise 
Information on d e v i a t i o n ( i n mins) from the time of 
sunrise f o r 4 p a i r s over 40 days (28 March to 6 May 1972) 
Mean r e s u l t a n t d e v i a t i o n from sunrise : 
However, the time of a r r i v a l becomes e a r l i e r u n t i l by 
W1H * 4? mins - 23 (before sunrise) 
W1E -131 mins - 35 ( a f t e r sunrise) 
WTD - 74 mins - 24 
V/1B - 97 mins - 36 
( a f t e r sunrise) 
( a f t e r sunrise) 
Thus, W1H i s e a r l i e r than W1E t ? g = 3.8539; 
W1H i s e a r l i e r than W1B t ? g = 2.1870; 
W1E i s l a t e r than W1D t ? g = 2.6930; 
P < 0.1 % 
P ^ 5 % 
P < 1 % 
Figure 22b. The times of the f i r s t event of the day i n 
r e l a t i o n to the time of sunrise, f o r two p a i r s 
during A p r i l 1972. Pair W1H ( t r i a n g l e s ) a r r i v e d 
c o n s i s t e n t l y before sunrise, whereas p a i r W1E 
( c i r c l e s ) a r r i v e d a f t e r i t . 
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Once the changeover p a t t e r n has become established during incubation 
the r e l i e v i n g b i r d o f ten does not a r r i v e i n the morning u n t i l an 
hour or more a f t e r sunrise. There i s even a tendency f o r the 
morning a r r i v a l to become l a t e r as incubation proceeds, r e s u l t i n g 
i n the observed slowing down of the changeover r a t e (Table 24b, 
F i g . 22c). 
Table 24b. Mean hourly period ( a f t e r midnight) of the f i r s t 
changeover of the day during e a r l y , middle and 
l a t e incubation ( f o r 15 p a i r s ) 
Sample Mean hourly period 
Period of incubation size of f i r s t changeover 
Days 1 - 9 135 5.72 ± 0.49 \ 
J t 268 " 4 - 6 3 5 i P< 0.1 % 
Days 10 - 18 135 7.20 - 0.4l 
Days 19 - 27 135 7. 
'.20 £ 0.41 >^ 
' .56 - 0.44 J 
t 2 6 g =- 1.189 N.S. 
A f t e r the chicks have hatched they r e q u i r e frequent feeding, and 
the f i r s t a r r i v a l of the day u s u a l l y occurs long before sunrise. 
About 60 days (- 10) a f t e r l a y i n g , the parents begin to leave the 
s i t e overnight f o r the f i r s t time since e a r l y i n the season. 
Although at t h i s p o i n t the f i r s t a r r i v a l i s s t i l l before sunrise, 
i t becomes r a p i d l y l a t e r i n the day - regressing f a r more q u i c k l y 
than the recession of sunrise - u n t i l by September the a r r i v a l 
time i s a t , or a f t e r , sunrise. 
I t becomes progressively l a t e r , so t h a t around the 
time that the colony i s vacated the b i r d s are only present 
b r i e f l y i n mid-morning, thus p a r a l l e l i n g the s i t u a t i o n e a r l y 
i n the year. 
Figure 22c. D i s t r i b u t i o n of the times t h a t partners changed 
over incubation d u t i e s during the e a r l y , middle 
and late- stages of i n c u b a t i o n . - The numbers 
represent t o t a l s of changeovers f o r "15 p a i r s 
during hourly periods a f t e r midnight. 
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Occupation of the s i t e a t night 
I t i s p o s s i b l e to e s t a b l i s h when the radioisotope-marked 
p a i r s s t a r t e d to spend the night on t h e i r s i t e s , and when t h i s 
p r a c t i c e ended. There was wide v a r i a t i o n i n the time of year 
that a p a i r began to remain overnight on t h e i r s i t e , ranging 
from February to A p r i l (Table 25). 
T h i s n i g h t l y occupation of the s i t e f o l lows s h o r t l y 
a f t e r the p a i r have come together on the s i t e for the f i r s t time. 
I n 7 out of the 12 cases considered the f i r s t overnight of the 
year took place on the same day that the p a i r were r e u n i t e d 
(Column F i n Table 25). Regular overnight occupation of the 
s i t e was not undertaken by a s i n g l e partner u n t i l i t s mate had 
a l s o returned. 
The s i t e s are not contested f or ownership as str o n g l y 
e a r l y i n the season, or at n i g h t . However, to enable a p a i r to 
occupy t h e i r s i t e from dawn to dusk, when competition for s i t e s 
takes p l a c e , i t i s advantageous for a t l e a s t one member of the 
p a i r to spend the night on the s i t e . There would be l i t t l e 
advantage i n a s o l i t a r y b i r d attempting complete s i t e defence 
i n t h i s manner - and indeed i t would not be p o s s i b l e . 
Overnight occupation of the s i t e continues almost 
unbroken through the breeding season u n t i l about the second 
h a l f of J u l y . At t h i s time the b i r d s begin to leave the 
c h i c k s alone on the s i t e at night, although they continue to 
have the o c c a s i o n a l overnight on the s i t e throughout August. 
T h i s post-breeding vacation of the s i t e a t night i s di s c u s s e d 
i n more d e t a i l i n Section V I I . 
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Table 25• Overnight occupation of the s i t e e a r l y i n the season 
S i t e Year A". B C. D. E F G 
1969 W1F before 5/2 ? (8/2) No data 20/2 No data 12 
1970 W1B 5/3 F 13/4 13/4 17/4 0 •4 
WIG 30/1 F 14/2 14/2 16/2 0 2 
E1D 4/2 M 9/2 12-14/2 16/2 3 7 
1971 W1E before 12/1 F 27/1 1/2;; 14/2 5/3 "5 37 
E1D. before 1V1 F 15/1 None 31/1 16 16 
W1B 23/1 M 14/3 14/3; 13/4 21/4 0 37 
W1D 22/2 M 27/3 27/3 4/4 0 8 
1972 W1D. 26/3 F 28/3 None 28/3 0 0 
W1B 8/3 m: 10/3 None 10/3 0 0 
W1E." 24/1 M 17/2 None 17/2 0 0 
W1H before 7A M 27/1 None 20/2 23 23 
Column headings :. 
A Date on which the f i r s t member of the p a i r returned 
B Sex of the f i r s t b i r d back (M = male; F = female) 
C F i r s t date on which the p a i r were together on the s i t e 
D Dates of i s o l a t e d overnights on the s i t e before the 
reg u l a r n i g h t l y occupation of the s i t e 
E .Date on which r e g u l a r n i g h t l y occupation of the s i t e s t a r t e d 
F Days between the p a i r coming together and the f i r s t overnight 
occupation of the s i t e 
G Days between the p a i r coming together and the s i t e being 
occupied r e g u l a r l y a t night 
SECTION I I I 
THE PRE-LAYING PERIOD 
Male and female gonadal c y c l e s 
I n the K i t t i w a k e , as i n many other b i r d s , t e s t i s growth i s 
maintained over a longer period than female f o l l i c l e development 
(Swartz 1966, Belopol«skii I96D. The male i s capable of 
f e r t i l i s i n g the female over a wide period of time, but the 
female only completes the f i n a l , r a p i d stages of her gonadal 
development j u s t p r i o r to l a y i n g . No information on t e s t i s 
maturation and r e g r e s s i o n i n the K i t t i w a k e i s a v a i l a b l e , but 
i t i s l i k e l y to be s i m i l a r to that of other g u l l s . 
M i l l s (1973) found that the t e s t e s of young Red-
b i l l e d G u l l s matured more slowly than those of older b i r d s , 
producing a l a t e r onset of courtship a c t i v i t i e s . I n the 
C a l i f o r n i a G u l l (Johnston 1936) the t e s t e s began to r e g r e s s 
a t about the time that the eggs were l a i d . S i m i l a r l y , 
t e s t i s r e g r e s s i o n i n the Fulmar began a t the s t a r t of 
incubation (Marshall 19^9)• 
The e a r l y , slow growth of the female gonads i s 
probably a photoperiodic response, but the l a t e r stages may 
be r e l a t e d to f a c t o r s at the n e s t s i t e . Such f a c t o r s may 
i n c l u d e the s i t e i t s e l f , the mate, nest m a t e r i a l and the 
s t a t e of the n e s t , v o c a l i s a t i o n s and a c t i v i t i e s such as 
copulation and courtship feeding taking place at the s i t e . 
E x t e r n a l s t i m u l i such as these may a l s o r e l y on 
hormonal s t a t e s for t h e i r e f f e c t i v e n e s s , and both of them 
may be modified by experience. The r e s u l t s obtained by the 
a d m i n i s t r a t i o n of hormones have been complex, and seem to 
d i f f e r with the s p e c i e s being s t u d i e d . 
Although i n t e r n a l s t a t e s are important, as S l a t e r 
(1970) p o i n t s out, d i r e c t s t i m u l a t i o n by e x t e r n a l f a c t o r s 
produces a more f l e x i b l e system. Thus, when a nest i s removed, 
as for example i n the Brownsman Ki t t i w a k e colony r e f e r r e d to i n 
S e c t i o n I I , b u i l d i n g takes place immediately, whereas the removal 
of a mate l e a d s to the c e s s a t i o n of b u i l d i n g . I n t h i s i n s t a n c e 
only an appropriate response i s evoked and t h i s r e s u l t s i n a 
more e f f i c i e n t system. 
S l a t e r (1970) found that both sexes of the Bengalese 
Finch showed a l l the p a t t e r n s of b u i l d i n g behaviour, but that 
males did more of the c a r r y i n g , and females more of the b u i l d i n g . 
T h i s i s a l s o the s i t u a t i o n i n the K i t t i w a k e . In the Bengalese 
Finch n e s t - b u i l d i n g could not be induced by hormone treatment, 
suggesting a d i r e c t e f f e c t by the p a r t n e r . The male was 
stimulated to c a r r y m a t e r i a l by the presence of the female, 
but obviously she could not b u i l d u n t i l he brought the m a t e r i a l . 
The males were most a f f e c t e d by the experience of 
bringing m a t e r i a l to the n e s t box, and the a c t u a l b u i l d i n g 
was r e l a t i v e l y unimportant ( S l a t e r 1967). Lehrman (1959) 
suggested that i n the Ring Dove the i n f l u e n c e of nest m a t e r i a l 
might be through i t s e f f e c t on the behaviour of the male, 
r a t h e r than d i r e c t l y on the female (Johnston 1963). I n t n e 
canary, where the female does most of the b u i l d i n g , S l a t e r (1969) 
suggested that the n e s t m a t e r i a l might d i r e c t l y s t i m u late 
ovarian development. He considered the Bengalese Finch to be 
intermediate between these two s i t u a t i o n s . 
I n the K i t t i w a k e , the l a r g e number of c o l l e c t i n g t r i p s 
made by the male for n e s t m a t e r i a l l e a d s to many a r r i v a l s on the 
s i t e with t h e i r consequent greeting ceremonies. These g r e e t i n g 
a r r i v a l s a l s o occur f r e q u e n t l y without i n v o l v i n g n e s t i n g m a t e r i a l , 
and any s t i m u l a t i o n of ovarian development i s l i k e l y to be mediated 
through such ceremonies. 
The presence of the completed nest was e s s e n t i a l to 
"complete" maturation and ovulation i n the House Sparrow 
(Polikarpova 19^0) and to egg-laying i n the canary (Hinde and 
Warren 1939) and the Sing Dove (Lehrman et a l . 196D. This 
i s not the case i n the K i t t i w a k e , s i n c e some b i r d s l a y t h e i r 
eggs i n u n f i n i s h e d n e s t s , and o c c a s i o n a l l y without any nest 
at a l l . 
The peak of copulatory a c t i v i t y i n the K i t t i w a k e 
occurs i n the week before l a y i n g (Tables 3 and °l ) and the 
number of c o u r t s h i p feeds by the male to the female i n c r e a s e s 
during the f o r t n i g h t before l a y i n g . These a c t i v i t i e s appear 
to precede l a y i n g more c l o s e l y than i n other g u l l s . 
The importance of the partner to female development 
i s c o n s i d e r a b l e . In Ring Doves no o v u l a t i o n takes place 
without the mate (Lehrman e t a l . 1961), and indeed ovarian 
a c t i v i t y d i r e c t l y r e f l e c t s the vigour of male courtship 
( E r i c k s o n & Lehrman 196*0, i n p a r t i c u l a r , h i s "nest s o l i c i t i n g " 
behaviour ( E r i c k s o n 1970). 
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I n the canary, reproductive development of the female 
i s a c c e l e r a t e d by s t i m u l i from the male, but even females alone 
w i l l l a y (Warren & Hinde 1961, White & Hinde 1968). Oviduct 
growth i n the House Sparrow was i n c r e a s e d by the presence of a 
mate (Polikarpova 1940) and the ova of p a i r e d S t a r l i n g s grew 
more q u i c k l y than those of i s o l a t e d b i r d s (Burger 1942). 
I n the Bengalese Finch ( S l a t e r 1969). copulation i s 
not necessary f o r egg l a y i n g . Without copulation there i s 
l e s s ovulation i n the Ring Dove (Lehrman et a l . 196l). 
Copulation has been suggested as the key f a c t o r i n s t i m u l a t i n g 
ovulation i n the Herring G u l l (Brown 1967). I n t h i s l a t t e r 
s p e c i e s copulations began 30 days before l a y i n g and ended 
about 5 days before i t . Brown f u r t h e r suggested that 
s t i m u l a t i o n among the p a i r s produced loc a l l y - s y n c h r o n o u s 
copulation and hence synchronous l a y i n g . 
In the Gannet (Nelson 1965) the peak of copulatory 
a c t i v i t y occurs 10 - 14 days before l a y i n g . Such a c t i v i t y 
r e s t a r t s soon a f t e r any egg l o s s , suggesting that an e x t e r n a l 
stimulus stops i t . The l a r g e r amount of time that the female 
spent at the n e s t during t h i s period helped copulation and i t s 
a s s o c i a t e d a c t i v i t y of nest-gathering. 
Courtship feeds to the female R e d - b i l l e d G u l l 
(Tasker 1970 i n M i l l s 1973) i n c r e a s e d about 20 days before 
l a y i n g , and reached a peak of about 4 feeds per day. This 
represented a l a r g e percentage of the t o t a l d a i l y food i n t a k e 
of the female, and at t h i s time she spent only 18 % of the 
d a y l i g h t hours away from the t e r r i t o r y . S i m i l a r l y , Kittiwake 
females recorded attendances of over 80 % during the weeks 
before l a y i n g . 
V o c a l i s a t i o n s 
I n the Budgerigar, male v o c a l i s a t i o n s a c c e l e r a t e ovarian 
development i n normal p a i r s ( F i c k e n et a l . 1960), i s o l a t e d 
females (Vaugien 1951) and groups of females (Brockway 1965). 
Brockway (1964) has a l s o shown that hearing the v o c a l i s a t i o n s 
of other males s t i m u l a t e s a male to v o c a l i s e more himself, 
and thus i n c r e a s e s the i n t r a - p a i r i n t e r a c t i o n s . 
L o t t et a l . (1967) have shown that i n the Ring Dove 
s t i m u l a t i o n from the surrounding colony produces ovarian 
development i n a d d i t i o n to that induced by i n t e r a c t i o n with 
the mate. Such auditory s t i m u l a t i o n may contribute to 
ovarian a c t i v i t y without any v i s u a l contact (Lehrman & 
Friedman 1969) but i s more e f f e c t i v e when combined with i t 
( L o t t et a l . 1967). S i m i l a r s t i m u l a t i o n may a l s o e x i s t i n 
c a n a r i e s (Warren & Hinde 1961). I n the Zebra F i n c h , Bruen & 
Dunham (1973) found that sound alone from the female was not 
an e f f e c t i v e stimulus for n e s t - b u i l d i n g i n the male. Sight 
and sound of a c o n s p e c i f i c of e i t h e r sex produced more n e s t -
b u i l d i n g than sound alone. 
T h i e l c k e (1970) has reviewed the s o c i a l f unctions 
of b i r d v o c a l i s a t i o n s . I n d i v i d u a l r e c o g n i t i o n of parents 
by t h e i r young has been demonstrated i n the Adelie Penguin 
(Sladen 1958, Penney 1963), the Common Guillemot (Tschanz 
1964, 1968) and s e v e r a l s p e c i e s of tern s (Davies & C a r r i c k 
1962; Hutchison et a l . 1968; Stevenson et a l . 1970; 
Buckley & Buckley 1972). Such r e c o g n i t i o n has a l s o been 
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found i n Herring G u l l s (Goethe 1937), R i n g - b i l l e d G u l l s 
(Evans 1970a), Laughing G u l l s (Beer 1970) and B l a c k - b i l l e d 
G u l l s (Evans 1970b). In t h i s l a t t e r s p e c i e s Evans had shown 
that although c a l l s vary between i n d i v i d u a l s and contexts, a 
c a l l i s c o n s i s t e n t f o r a given b i r d i n a given s i t u a t i o n . 
The same apparent d i s p l a y may be used i n d i f f e r e n t 
contexts. I n the K i t t i w a k e an example of t h i s i s the "choking" 
of the male. This i s probably a g o n i s t i c towards other males 
but serves to a t t r a c t p o t e n t i a l mates to h i s s i t e . Manley (1960) 
d i s c u s s i n g such d i s p l a y s concluded that the r e c i p i e n t was capable 
of contextual i n t e r p r e t a t i o n . I t i s p o s s i b l e that "choking" i n 
the Kittiwake i n d i c a t e s the w i l l i n g n e s s of the male to feed a 
female and would serve only to a t t r a c t such females as were 
desir o u s of being, fed. 
Among se a b i r d s , a t l e a s t , i t i s p o s s i b l e that the 
c a l l s of a d u l t s are s t r u c t u r e d i n a manner s i m i l a r to that 
demonstrated f o r the L i t t l e Auk (Ferdinand 1969). I n t h i s 
s p e c i e s a l l c a l l s were found to be made up of two simple 
f i g u r e s and the frequencies were almost constant. Moynihan (1962) 
a l s o thought tha t a l l L a r i d c a l l s were combinations of k b a s i c 
rhythms and 2 - 3 b a s i c tones. 
The landing c a l l s of adult Gannets have been examined 
i n some d e t a i l (White & White 1970) and found to e x h i b i t a 
temporal change i n t h e i r amplitude envelopes. The c h a r a c t e r i s t i c 
shape of the f i r s t p a r t of the c a l l i s probably an i d e n t i f i e r f o r 
the i n d i v i d u a l , and may be time-coded. The second h a l f , which 
i s probably ffrequency-coded, may contain other information such 
as motivational s t a t e . Such temporal p a t t e r n i n g would be u s e f u l 
i n the considerable background noise found at s e a b i r d c o l o n i e s , 
and amplitude coding does not s u f f e r from the Doppler e f f e c t 
as does frequency. 
B i r d s have a comparatively broad b a s i l a r membrane and 
i t has been estimated that they may be as much as ten times more 
e f f i c i e n t than man a t temporal r e s o l u t i o n of sounds, but they 
probably have about the same absolute s e n s i t i v i t y and frequency 
d i s c r i m i n a t i o n (Thorpe 1961, p. 125). I t has even been suggested 
that t o n a l i t y i s merely a by-product of such a t i m e - i n t e n s i t y 
system. 
I t i s r e l a t i v e l y easy to examine the s t r u c t u r e of 
c a l l s , but f a r more d i f f i c u l t to judge t h e i r information content. 
I f i n d i v i d u a l r e c o g n i t i o n i s to take p l a c e , then the c a l l must 
be highly v a r i a b l e w i t h i n a population. However, i t a l s o needs 
to be s p e c i e s - s p e c i f i c , and hence h i g h l y stereotyped. Playback 
experiments are one way of i n v e s t i g a t i n g the f u n c t i o n s of sound 
s i g n a l s , but i t i s often d i f f i c u l t to gauge the r e a c t i o n s of 
the r e c i p i e n t s a c c u r a t e l y . 
White (1971) i n a f u r t h e r study on Gannet landing 
c a l l s showed i n d i v i d u a l r e c o g n i t i o n of mates but not of 
immediate neighbours. She found the young to be l e s s 
responsive than a d u l t s , but considered i t p o s s i b l e that they 
could recognise t h e i r p a rents. 
Emlen (1971, 1972), working with Indigo Buntings, 
found that males could d i s t i n g u i s h between the f a m i l i a r c a l l s 
of neighbours and those of u n f a m i l i a r b i r d s . I n t h i s case 
the g r e a t e s t v a r i a b i l i t y was i n omissions and a d d i t i o n s to the 
end of the song, and i n i t s loudness. These d i f f e r e n c e s he 
considered to r e f l e c t the m o t i v a t i o n a l s t a t e of the b i r d . 
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The r e p e r t o i r e of c a l l s i n the Kittiwake has been 
reviewed by Paludan (1955)» Tinbergen (1959) and by Moynihan 
(1962). The most common c a l l i s that from which the s p e c i e s 
d e r i v e s i t s name, and which i s given a t most times when the 
p a i r comes together. 
The c a l l i n g of one p a i r often t r i g g e r s o f f c a l l i n g 
i n neighbouring b i r d s . I n the denser, c e n t r a l areas of the 
colony, where p a i r s have more neighbours and a r r i v a l s are 
more frequent, the incidence of c a l l i n g per p a i r i s probably 
higher than on more p e r i p h e r a l s i t e s (Coulson 1960, p. 75)* 
Recordings were made of the Kittiwake c a l l s of 
d i f f e r e n t i n d i v i d u a l s i n May when the b i r d s are most v o c a l , 
and were analysed with a Sonagraph. Ex t e n s i v e a n a l y s i s has 
not been made but the r e s u l t s obtained suggest some c o n s i s t e n t 
i n d i v i d u a l i t y ( F i g s . 23 a, b, and c ) . 
T h i s s i t u a t i o n i s complicated by two f a c t o r s , 
however. The f u l l " k i t t i w a k e " c a l l i s often only p a r t of 
a longer sequence i n v o l v i n g incomplete v e r s i o n s of the c a l l 
( F i g . 2k). The s e c t i o n s used f or the a n a l y s i s of i n d i v i d u a l s 
were taken from such sequences a f t e r the b i r d s had b u i l t up to 
a f u l l - c a l l i n g s i t u a t i o n . The s t r u c t u r e s of these sequences 
probably r e f l e c t the changing m o t i v a t i o n a l s t a t e of the 
i n d i v i d u a l . 
Another f a c t o r involved may be the seasonal change 
i n the c a l l s of the b i r d . They sound more "hoarse" e a r l y 
and l a t e i n the season, presumably due to hormonal changes. 
These d i f f e r e n c e s are i l l u s t r a t e d i n F i g . 25. Since the 
recordings analysed were taken from i n d i v i d u a l s a t the same 
F i g u r e s 23 - 25 
A l l these f i g u r e s show sonagrams of K i t t i w a k e 
v o c a l i s a t i o n s r e f e r r e d to i n the t e x t . They 
were made on a Kay Sonagraph 606IB with contour 
d i s p l a y u n i t and s c a l e magnifier. I n a l l of the 
sonagrams, read frequency along the ordinate and 
time along the a b s c i s s a . Frequency markers show 
0 - 8 kHz. except i n F i g . 23b where s p e c i f i e d 
otherwise. B a s e l i n e markers i n d i c a t e 0.25 
second i n t e r v a l s . 
Figure 23a. K i t t i w a k e c a l l s from four d i f f e r e n t males (A - D). 
The s t r u c t u r e of a s i n g l e K i t t i w a k e c a l l i s 
i l l u s t r a t e d i n sonagram A. Sonagrams C and D 
show 2 Kittiwake c a l l s , and sonagram B g i v e s 3 c a l l s . 
Figure 23b. Enlarged sonagrams of .Kittiwake c a l l s of males A - D 
showing the c o n s i s t e n t i n d i v i d u a l i t y i n greater d e t a i l . 
Two c a l l s are given f o r each b i r d . Contour l i n e s are 
6dB a p a r t . 
Figure 23c. K i t t i w a k e c a l l s of four d i f f e r e n t females ( E - H). 
Two c a l l s are presented for. each i n d i v i d u a l . 
Figure 2*f. A complete c a l l i n g sequence of a male K i t t i w a k e . 
Read from top l e f t to bottom r i g h t . The s t a r t 
of each f u l l K i t t i w a k e c a l l i n the sequence i s s t a r r e d . 
Figure 25. Kittiwake c a l l s of the same male at four d i f f e r e n t 
times i n the year. From top to bottom the sonagrams 
i l l u s t r a t e c a l l s i n January, March, May and August. 
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stage i n t h e i r reproductive c y c l e s , the i n d i v i d u a l d i f f e r e n c e s 
found are probably r e a l . No attempt was made to i n v e s t i g a t e 
p o s s i b l e d i f f e r e n c e s due to age, breeding experience, sex, 
m o t i v a t i o n a l s t a t e or s o c i a l context. 
P r e l i m i n a r y attempts a t playback experiments using 
the c a l l s of known i n d i v i d u a l s showed that while i t was p o s s i b l e 
to induce c a l l i n g i n the b i r d s near the loudspeaker, t h i s soon 
died away. In p a r t i c u l a r , the mate of the " c a l l i n g b i r d " 
seemed to need v i s u a l reinforcement of i t s partner's presence. 
Since t h i s could not be provided, these experiments were 
discontinued. 
The number of times that the p a i r comes together 
r i s e s to a marked peak before egg-laying. Since most a r r i v a l s 
of a b i r d r e s u l t i n the g r e e t i n g ceremony between mates, 
i n v o l v i n g the k i t t i w a k e c a l l , i t seems l i k e l y that such vocal 
greetings p l a y an important part i n s t i m u l a t i n g ovarian 
development. 
L a t e r i n the season i t i s b e l i e v e d (Hodges 1969) 
that food-begging pressure from the c h i c k s d r i v e s the parents 
from the s i t e . During the period before egg-laying the 
courtship food-begging of the female i n c r e a s e s i n frequency 
and i n t e n s i t y (Table 8 ) , often o c c u r r i n g s h o r t l y a f t e r the 
p a i r come together. This build-up of begging pressure may 
contribute to the i n c r e a s e d a c t i v i t y of the male f o r c i n g him 
to leave the s i t e . This g r e a t e r male a c t i v i t y l e a d s to 
more a r r i v a l s , with t h e i r consequent g r e e t i n g ceremonies 
and reinforcement of the p a i r bond, j u s t before incubation, 
when the g r e a t e s t s t r a i n i s placed upon t h i s bond. 
The changeover system 
A changeover i s defined as an occasion when the a r r i v a l of one 
member of a p a i r on the s i t e i s followed by the departure of 
i t s mate ( i r r e s p e c t i v e of the i n t e r v e n i n g period that the 
p a i r are t o g e t h e r ) . 
Although the number of times that the members of a 
p a i r come together on the s i t e r i s e s throughout the season to 
a marked peak j u s t before l a y i n g , the proportion of these 
times that the p a r t n e r s change over remains f a i r l y constant 
(Table 26). T h i s i s because the female remains more on the 
s i t e with the male c o n t r i b u t i n g more of the a r r i v a l s . 
However, the percentage of these changeovers which 
are of 5 mins duration or l e s s i n c r e a s e s s t e a d i l y towards 
l a y i n g and, indeed, a f t e r i t . T h i s i s shown for p a i r W1E-
i n 1971 ( F i g . 26) and i s true f o r the other p a i r s considered. 
Once incubation i s underway almost a l l changeovers 
are of one minute duration or l e s s , and the b i r d s meet only 
b r i e f l y on these o c c a s i o n s . I t can thus be seen t h a t the 
change to the system used during incubation i s not q u i t e as 
d r a s t i c as might have been supposed, the b i r d s decreasing 
t h e i r changeover times as they phase i n t o i t g r a d u a l l y . 
T h i s decrease i n changeover time as l a y i n g approaches 
may be p a r t l y the r e s u l t of i n c r e a s i n g food-begging pressure 
from the female, as o u t l i n e d above. 
Figure 26 . The i n c r e a s e i n the weekly percentage of p a i r 
changeovers which take l e s s than 5 minutes. . 
P a i r W1E i n 1971 (see Table 26) i l l u s t r a t e s 
the r i s e i n t h i s percentage from t h e i r r e t u r n 
to the colony i n January u n t i l , the incubation 
of t h e i r eggs i n May 
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Nest-building 
The process of n e s t - b u i l d i n g i n the Kit t i w a k e has been described 
by Cullen (1957)• As she noted, the c o l l e c t i n g of mud for the 
e a r l y stages of the nest i s often c o r r e l a t e d with wet weather. 
T h i s may r e s u l t i n considerable synchrony of n e s t - b u i l d i n g f o r 
a colony, and the b i r d s often c o l l e c t m a t e r i a l communally. 
At t h i s time the mud deposited i s often "trampled" 
or "foot paddled". I n a review of t h i s type of behaviour 
Buckley (1966) thought i t to be mainly a method of feeding, 
and considered i t u n l i k e l y that i t would be found to occur 
i n such n o n - l i t t o r a l l a r i n e s as the Ivo r y G u l l or the K i t t i w a k e , 
He recorded that gulls w i l l paddle i n grassy f i e l d s 
a f t e r r a i n but thought that t h i s was u n l i k e l y to f l u s h any 
earthworms or other i n v e r t e b r a t e s . Indeed, t h i s was considered 
by Tinbergen (1962) to be an automatic response to a wet s u b s t r a t e . 
R o t h s c h i l d (1962) found foot-paddling to be present i n Black-
headed G u l l c h i c k s as e a r l y as 12 days old, and Buckley considered 
i t to be an innate p a t t e r n . 
C u l l e n & Ashmole (1962) found trampling ( c a l l e d " s i d e -
stepping") to be present, although l e s s marked, i n the Black 
Noddy. They suggest that i t i s adaptive i n the c l i f f - n e s t i n g 
K i t t i w a k e and Black Noddy i n f a s t e n i n g t h e i r n e s t s on the c l i f f s , 
whereas i t i s v i r t u a l l y absent a t the nest i n the ground-nesting 
g u l l s and t e r n s . 
L a t e r i n n e s t - b u i l d i n g , however, dry m a t e r i a l may be 
trampled i n dry co n d i t i o n s . Once a secure base has been 
e s t a b l i s h e d , straw and g r a s s m a t e r i a l i s brought to make a 
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r a i s e d platform. E v e n t u a l l y a c u p - l i k e n e s t i s formed not 
long before the eggs are l a i d . 
The technique used to form the cup i s f o r the body 
to be t i l t e d forward, and the l e g s braced backwards, with the 
brea s t pressed a g a i n s t the i n s i d e of the cup. ^ h i s i s c a l l e d 
"bracing" and i n a s i m i l a r " s c r a p i n g " movement the l e g s are used. 
As noted by C u l l e n and Ashmole, both the Black Noddy 
and the K i t t i w a k e depress t h e i r t a i l while bracing and scraping, 
although t h i s i s not encountered among the other g u l l s . Probably 
t h i s r e s u l t s i n a fi r m e r and deeper cup than found among ground-
n e s t i n g g u l l s , and helps to prevent eggs r o l l i n g out of the more 
vulnerable c l i f f n e s t s . 
The s t e a l i n g of m a t e r i a l from the n e s t s of other b i r d s 
i s by no means uncommon i n the K i t t i w a k e . T h i s behaviour i s 
l e s s often seen among the ground-nesting g u l l s where nest 
m a t e r i a l i s more r e a d i l y a v a i l a b l e . 
P o s s i b l y , as suggested by Hinde e t a l . (1963) for the 
domesticated canary, the s e l e c t i o n of the type of m a t e r i a l 
brought i s i n pa r t c o n t r o l l e d by the changing s e n s i t i v i t y of 
the brood patch. I f t a c t i l e s e n s i t i v i t y to s t i m u l i from the 
nest i n c r e a s e d as l a y i n g approached, then changes i n the nest 
m a t e r i a l brought might w e l l r e s u l t . 
I n 1971 the s t a t e s of n e s t s a t the North S h i e l d s 
colony were recorded d a i l y . Two main stages were recognised; 
n e s t s which c o n s i s t e d of a r a i s e d platform, and those which 
had a well-formed cup. The mean time taken from platform 
to cup nest was 10 .2 i 1.7 days, and the mean i n t e r v a l from 
the completion of the cup u n t i l the f i r s t egg was l a i d was 
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13 .6 - 2 .1 days. The i n t e r v a l betv/een the attainment of a 
platform nest and the l a y i n g of the f i r s t egg ( y ) i s shorte r 
the e a r l i e r i n the season (x) that a p a i r l a y : 
r 6 l = + ° ' 3 8 l 3 i P ^ 0 .1 36 y = 10 .5 + 0 .5x ( F i g . 27a) 
The i n t e r v a l between cup completion and l a y i n g i s a l s o s h o r t e r 
i n the e a r l y - l a y i n g p a i r s : 
r ? Q = + O .3536; P < 0 .1 % y = 3 . 3 + 0 .5x ( F i g . 27b) 
Thus, while i t might be advantageous f o r p a i r s l a y i n g l a t e r i n 
the season to take a sh o r t e r time over t h e i r n e s t - b u i l d i n g , 
they are probably the younger, l e s s - e x p e r i e n c e d p a i r s and are 
unable to do so. 
This i n c r e a s e i n the time taken to b u i l d a nest as 
the season progresses i s the converse of the s i t u a t i o n found 
i n the Shag (Coulson et a l . 1 9 6 9 ) . The n e s t - b u i l d i n g i n t e r v a l 
i n the Shag decreased from 33 days i n mid A p r i l to 11 days i n 
e a r l y June. 
The r e l a t i o n s h i p between n e s t - b u i l d i n g and the l a y i n g 
of the f i r s t egg i s not always a simple one, and l a y i n g i s not 
n e c e s s a r i l y r e l a t e d to the achievement of a n e s t . 
I n the three y e a r s 1970 - 1972 the same p a i r of 
K i t t i w a k e s on s i t e E2F a t North S h i e l d s b u i l t an e x c e l l e n t 
cup nest and maintained i t for over a month before l a y i n g 
t h e i r eggs. Although t h i s i s a p e r i p h e r a l s i t e where l i t t l e 
can be seen or heard of the b i r d s i n the colony, other p a i r s 
on t h i s s i t e have l a i d normally. 
The converse of t h i s s i t u a t i o n i s when a b i r d l a y s 
i t s eggs on a bare s i t e , as happened f i v e times a t North S h i e l d s 
during t h i s study. I n a d d i t i o n , two p a i r s l a i d on very inadequate 
Figure 2?a and 27b 
The r e l a t i o n s h i p between the date on which the 
f i r s t egg was l a i d ( i n days a f t e r 22 A p r i l ) and 
the number of days e l a p s i n g between the completion 
of the platform ( F i g . 27a; u n l a b e l l e d axes) or 
the cup.nest ( F i g . 2?b) and the l a y i n g of t h i s egg. 
I n the u n l a b e l l e d Figure 27a , the a b s c i s s a i s the 
same as F i g . 27b and the ordinate i s s i m i l a r , 
except th a t the i n t e r v a l i s taken from the platform 
n e s t stage. 
The i n t e r v a l from nest completion (usi n g 
e i t h e r n e s t stage c r i t e r i o n ) to l a y i n g i s longer 
i n those p a i r s which l a i d l a t e r i n the season. 
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n e s t s . In. a l l but one of these cases the eggs r o l l e d o f f the 
s i t e . I n the remaining i n s t a n c e the p a i r b u i l t a normal nest 
around the eggs during the e a r l y p a r t of inc u b a t i o n . Three 
cases s i m i l a r to t h i s are reported by Maunder & T h r e l f a l l ( 1 9 7 2 ) . 
Although n e s t - b u i l d i n g only occurs a t a low l e v e l 
during i n c u b a t i o n , i f the nest l o s e s i t s c h a r a c t e r i s t i c shape 
then extensive bouts of b u i l d i n g may take place to r e s t o r e i t 
f a i r l y r a p i d l y . This a l s o happens i n the Herring G u l l 
(Baerends & Drent 1 9 7 0 ) . Obviously i t i s adaptive f o r 
b u i l d i n g to q u i c k l y reach a high l e v e l again should the need 
a r i s e . 
N e st-building a c t i v i t e s during incubation are of 
two k i n d s . C o l l e c t i n g t r i p s may occur a t n e s t - r e l i e f and are 
performed by the incoming b i r d or by the b i r d j u s t r e l i e v e d . 
Sideways b u i l d i n g u s u a l l y takes place j u s t a f t e r s e t t l i n g 
down to incubate, p a r t i c u l a r l y a f t e r a nest r e l i e f . 
Moynihan (1953) and Beer (1965) record a s i m i l a r p a t t e r n f o r 
the Black-headed and B l a c k - b i l l e d G u l l s . 
I n the Ki t t i w a k e , the proportion of s e t t l i n g s which 
were followed by t h i s sideways b u i l d i n g f e l l from about 35 - *f5 % 
during the e a r l y part of incubation to j u s t over 10 % l a t e r on. 
However, there were some exceptions to t h i s , and one female was 
s i g n i f i c a n t l y more frequent i n b u i l d i n g than her mate (Table 2 7 ) . 
Baerends & Drent (1970) showed that i n the Herring G u l l 
^5 % of a l l s e t t l i n g sequences were followed w i t h i n a minute by 
b u i l d i n g , and that 66 % of a l l sideways b u i l d i n g occurred w i t h i n 
a minute of s e t t l i n g . They a l s o note that sideways b u i l d i n g often 
preceded a r i s i n g / s e t t l i n g movement (13*5 %) although most b u i l d i n g 
movements ( 8 6 . 5 %) took place afterwards. 
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T h i s sideways b u i l d i n g behaviour and i t s r e l a t i o n s h i p 
to sideways throwing and the formation of the nes t i n b i r d s 
has been d i s c u s s e d i n some d e t a i l by Harrison ( 1 9 6 7 ) . 
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Table 27. Proportions of s e t t l i n g sequences during incubation 
which r e s u l t e d i n n e s t - b u i l d i n g w i t h i n one minute. 
Information from time-lapse exposed f i l m f or two 
p a i r s i n 1971 
WIDa 
Days 1 - 8 
Days 9 - 2 7 
Male 
60 
173 
25 12% 
210 
Whole of inc u b a t i o n 8_5 22$ 
383 
Female 
79 
175 
J>1 
2^9 
l*t2 
kzk 
k5% 
2595 
33* 
T o t a l 
3^8 
88 
^59 
1996 
227 28% 
807 
The b u i l d i n g behaviour of the female was s i g n i f i c a n t l y 
(P-£0.190 gre a t e r than that of the male 
WIDb Male Female Total 
Days 1 - 8 _6_0 JjS 36% 108 kl% 
133 133 266 
Days 9 - 2 7 _ l 8 10% _15 11% _J& 9% 
190 165 355 
Whole of incubation 78 2*f% _ 6 j . 21% iM. 23% 
323 298 621 
For t h i s p a i r there was no s i g n i f i c a n t d i f f e r e n c e 
between the b u i l d i n g behaviour of the female and 
that of the male 
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SECTION IV 
INCUBATION 
The r o l e s of the sexes during incubation 
Incubation i s taken as the period from the l a y i n g of the f i r s t 
egg u n t i l i t hatches. The r e l a t i v e amounts of time spent i n 
incubation by the parents are shown i n Table 28 . Normally 
the r o l e s of the sexes are about equal, with the female tending 
to incubate s l i g h t l y more than the male. This d i f f e r e n c e i s 
a s i g n i f i c a n t one, however. 
In p a i r c - 1 (on WIG) the female c o n s i s t e n t l y 
performed over 60 % of the incubation during the three years 
considered. Female j was recorded f o r two years with one male 
and with a d i f f e r e n t male i n the two s u c c e s s i v e y e a r s . Her 
performance with any one mate was c o n s i s t e n t , but when she 
took a l e s s experienced male she had to perform more of the 
i n c u b a t i o n . 
Although both sexes incubated during the night, 
females incubated s i g n i f i c a n t l y more often than males (Table 2 9 ) , 
p r o p o r t i o n a l with t h e i r higher t o t a l incubation percentages. 
I n d i v i d u a l p a i r s were again f a i r l y c o n s i s t e n t i n s u c c e s s i v e 
y e a r s . 
Observations were made on the Farne I s l a n d s i n 1970 
on p a i r s at the edge of a colony. Twenty p a i r s were considered, 
and for 12 of these incubation proceeded normally throughout 
June (Table 3 0 ) . There was v a r i a t i o n i n the shares of 
incubation undertaken by males and females, and t h i s may be 
connected with the probable youth and inexperience of some of 
these p e r i p h e r a l p a i r s . 
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Once more the females performed s i g n i f i c a n t l y more 
than h a l f of the incubation d u t i e s . There was a tendency 
for males to be incubating more i n the mid-morning and l a t e 
evening, and females more around midday and e a r l y afternoon. 
No observations were made before 0600, so that i t i s not 
p o s s i b l e to say whether males took over from females during 
the hours j u s t a f t e r s u n r i s e . 
I n other g u l l s p e c i e s a s i m i l a r p i c t u r e of the r o l e s 
of the sexes during incubation emerges; that of roughly equal 
shares, with perhaps the female having a s l i g h t preponderance 
(Goethe 1956; TjLiibergen 1953). Baerends & Drent (1970), 
studying 30 n e s t s of the Herring G u l l f o r 290 hours (on days 
0 - 3 5 ) found the male present on 50.3 % and the female 
incubating 4-6.5 % of the time. Other attendance values are : 
. male 53.5 % Ytreberg 1956 
Black-headed G u l l 
female 4-6.5 % (652 hours) 
male 4-7.5 % Vermeer 1963 
Glaucous-winged G u l l 
female 52.5 % (517 hours) 
None of these three s p e c i e s showed any c o n s i s t e n t trend during 
the course of incubation, but only f l u c t u a t i o n s around the 50 % 
l e v e l . T h i s i s a l s o true f o r the K i t t i w a k e . 
The K i t t i w a k e does not l e a v e i t s eggs unprotected, 
e i t h e r while l a y i n g or incubating them. However, other g u l l s 
tend to leave the eggs during the hours of darkness (Baerends & 
Drent 1970; Beer 1967). T h i s i s almost c e r t a i n l y an a n t i -
predator device i n these more vulnerable ground-nesting g u l l s , 
and as such not necessary i n the K i t t i w a k e . 
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Table 28. Percentage attendances during incubation by 
males and females 
S i t e Year Male Female % male % female 
W1F 1968 a j 53 ^7 
W1F 1969 a j 51 ^9 
W1E 1970 b j 35 65 
W1E 1971 b j 38 62 • 
W1E 1972 b k 53 
WIG 1968 c 1 39 61 
WIG 1969 c 1 38 62 * 
WIG 1970 c 1 38 62 • 
W1B 1968 d m 56 *5 
W1B 1969 e n 52 
W1B 1970 f n 51 kS 
W1B 1971 f n ^9 51 
W1B 1972 f P 5^ ^7 
W1D 1970 e q 50 50 * 
W1D 1971 e q ^5 55 
W1D 1972 e q 52 ^9 
E1D 1969 S r kl 59 * 
E1D 1970 g s 50 50 
E1D 1971 g s ^5 55 * 
W1H 1971 h t 55 k7 
W2I 1972 h t 55 k7 * 
S I C t 1972 i V 38 63 
Mean ^5.3 5^.7 
i n d i c a t e s that the eggs did not hatch 
** i n d i c a t e s that one partner disappeared during incubation 
(percentage attendances for WIG 1970 c a l c u l a t e d for 
shared incubation only) 
Based upon complete information f o r attendance from the l a y i n g 
of the f i r s t egg u n t i l i t hatched (or 27 days for the p a i r s 
which f a i l e d to hatch t h e i r eggs). 
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Table 29. D i f f e r e n c e s between male and female p a r t n e r s i n 
the proportions of overnight incubation performed 
Percentage overnights during 
S i t e Year Male Female incubation performed 
W1F 1968 a J 63 
W1F 1969 a j 50 
W1E 1970 b 33 
W1E 1971 b j 21 
W1E 1972 b k 32 
E1D; 1969 e r 33 
E1D 1970 g s 50. 
E1D 1971 g s 31 
W1B 1968 d m 67 
W1B 1969 e n 29 
W1B 1970 f n 48 
W1B 1971 f n 61 
W1B 1972 f P 56 
W1K 1970 e q . 31 
W1D 1971 e q 32 
W1D 1972 e q 64 
WIG 1968 c 1 45 
S I C t 1972 i V 22 
W1H 1971 h t 70 
W2I 1972 h t 61 
(WIG 1969 c 1 12 ) 
(WIG 1970 c 1 15 ) 
For 26 days of incubation and the f i r s t 20 p a i r s (520 overn. 
Males performed 233 = 44.8 % - 2 ^2 5 > 6 o 7 6 
Females performed 28? =• 55.2 % - 2 % J $ ^ ^ % 
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Table 30. Proportions of incubation performed by male and female 
p a r t n e r s i n twelve p a i r s during June 1970. Fame I s l a n d s 
No. times recorded during Percentage attendance 
P a i r i n c u b a t i o n i n June during incubation 
Male Female Male Female 
B 90 115 44 56 
C 81 98 44 54 ( P a i r 2 %) 
D: 44 136 2 4 76 
F 65 90 4 2 58 
G 80 87 4 8 5 2 
I 52 113 31 68 ( P a i r 1 %) 
J 8 4 86 49 51 
L 109 50 69 31 
M 76 117 39 61 
Ql 102 77 57 43 
s 47 117 29 71 
V ioa 81 57 43 
T o t a l 938 1167 Mean 44.6 55.4 
T e s t i n g d i f f e r e n c e between these proportions : 
X 2 = 24.192; P <- 0.1 % 
ffiiurnality i n the sex of the incubating partner 
during June 1970. Inner Faroe I s l a n d 
Time period No. observations %' male % female - male 
0600 - 0800 250 52.4 47.6 + 2.2 
0800 - 1000 209 52.2 47.8 + 2.4 
1000 - 1200 2 4 1 55.6 44.4 - 1.0 
1200 - 1 4 0 0 230 57.4 42.6 - 2.8 
1 4 0 0 - 1600 306 59.5 40.5 -
1600 - 1800 275 52.7 47.3 + 1.9 
1800 - 2000 525 53.7 46.3 + 1.1 
2000 - 2300 3 4 2 53.8 46.2 + 0.8 
T o t a l 2378 Mean 45.4 54.6 
The l a s t column g i v e s the d e v i a t i o n i n the percentage attendance 
of the male from the o v e r a l l (45.4 %) attendance. 
Female attendance was s i g n i f i c a n t l y g r e a t e r than that of the male : 
xf = 19.985; P C 0.1 % 
Even a f t e r steady incubation has s e t i n , the o v e r a l l 
attendance of other g u l l s while i n c u b a t ing t h e i r eggs i s l e s s 
than the 99.7 %' shown by the Kittiwake (99.9 % for the l a s t 
three weeks of i n c u b a t i o n ) . 
Herring G u l l 97.5 % Baerends & Drent 1970 
Black-headed G u l l 97.3 %' Ytreberg 1956 
Glaucous-winged G u l l 95.8 %. Vermeer 1963 
L e s s e r Black-backed G u l l 92.1 % Barth 19^9 
Common G u l l 90.5 % Barth 19^9 
I f the r e l a t i v e amounts of time spent incubating by 
males and females are c a l c u l a t e d s e p a r a t e l y for the hours of 
da y l i g h t , i t w i l l be seen (Table 31) that these are very s i m i l a r 
to the value8 obtained f o r the t o t a l time. I t w i l l be noted 
that the d a y l i g h t f i g u r e s more c l o s e l y approximate to equal 
sharing, presumably due to the greater amount of night incubation 
undertaken by the female. 
Table 31. Comparison of the male and female c o n t r i b u t i o n s to 
da y l i g h t incubation and to the t o t a l incubation 
period 
MALE: FEMALE 
P a i r & Year 
Daylight 
incubation 
T o t a l 
incubation 
Daylight 
incubation 
T o t a l 
incubation 
E 1 D . 1971 kB ^5 52 55 
W 1 E . 1971 39 38 61 62 
WlDa.1971 ^9 ^5 51 55 
WlDb.1971 48 52 58 
Mean 4-6 43 5^ 57 
A l l values are expressed as percentages 
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The i n d i v i d u a l overnight periods of incubation by 
females were a l s o longer than those of males, although during 
the daytime males incubated for longer periods between change-
overs (these periods w i l l be termed " s t i n t s " ) . Table 32 
gives the durations of these overnight and daytime s t i n t s 
during i n c u b a t i o n . 
Daytime incubation s t i n t s were short e r than those 
i n v o l v i n g overnight periods of incubation, and daytime s t i n t s 
s t a r t i n g a f t e r 1100 were shorter than those s t a r t i n g before 
t h i s time. The d i s t r i b u t i o n s of s t a r t i n g times of overnight 
and daytime s t i n t s are given i n Appendix 5* 
Table 32. Durations of overnight and daytime incubation 
s t i n t s performed by males and females 
Mean male overnight s t i n t = 808 - 53 mins (N = 113) t j 1367 
Mean female overnight s t i n t = 932 - 55 mins (N = 154) p 2<^^ % 
N.B. An overnight s t i n t was one during which the b i r d 
was i n c u b a t i n g a t midnight, and a daytime s t i n t 
was any other period of i n c u b a t i o n . 
Duration of daytime s t i n t (mins) s t a r t i n g 
before 1100 a f t e r 1100 
Number Mean Number Mean 
Males 1 4 4 4 4 8 - 37 73 257 - 28 
Females 113 393 1 38 62 26l - 36 
There are no d i f f e r e n c e s between males and females i n the 
lengths of t h e i r daytime s t i n t s a f t e r 1100, but males have 
6k 
s i g n i f i c a n t l y longer morning daytime s t i n t s than females 
(*255 = 2.071; P < 5 # ) , the converse of the overnight 
s i t u a t i o n . 
Thus, a daytime incubating s h i f t l a s t s about k -
8 hours and one i n v o l v i n g an overnight on the s i t e about 13 -
16 hours. However, i f one partner f a i l s to r e t u r n when expected, 
the s i t t i n g b i r d w i l l continue to incubate u n t i l i t i s r e l i e v e d 
by i t s mate. A s i m i l a r s i t u a t i o n has been demonstrated for 
the Black-headed G u l l (Beer 1961). 
Figure 28 shows the numbers of hours each day t h a t 
the parents incubated and demonstrates t h i s compensatory 
mechanism. P a i r A adhered to a f a i r l y r e g u l a r p a t t e r n , while 
p a i r B had a more i r r e g u l a r but s t i l l s u c c e s s f u l p a t t e r n . I n 
p a i r C the male was very i r r e g u l a r i n h i s incubation attendance, 
and the eggs did not hatch. Normally t h i s compensation only 
i n v o l v e s extending a daytime s h i f t overnight (see a l s o F i g s . 31 -
T h i s mechanism i s not confined to g u l l s , and 
S l a t e r (1970) has demonstrated i t i n Bengalese F i n c h e s . 
I n t h i s l a t t e r s p e c i e s the sexes normally a l t e r n a t e during 
steady incubation with the male performing kk % and the female 
36 % of i n c u b a t i o n . However, i f a mate i s removed or d i e s 
during incubation, then the other b i r d w i l l remain on the eggs 
almost continuously, taking only o c c a s i o n a l breaks to feed. 
Holmes (1973), studying sandpipers ( C a l i d r i s spp.), 
has suggested that equal dual incubation allows a l l breeding 
i n d i v i d u a l s a maximum time f o r feeding. I n high l a t i t u d e s 
where food may be scarce or unpredictable t h i s would obviously 
be adaptive, and the system may have p e r s i s t e d i n t o lower 
l a t i t u d e s where food i s more abundant. 
Figure 28. The compensatory mechanism during 
incubation 
The percentage of each day during incubation, 
t h a t the male partner incubated ( v e r t i c a l axes) 
has been p l o t t e d a g a i n s t t h a t for the female 
( h o r i z o n t a l axes) f o r three p a i r s i n 19&9* 
P a i r A was W1F.,. p a i r B was W 1 B , and the 
u n s u c c e s s f u l p a i r C was WIG. 
The diagonal l i n e drawn shows the t h e o r e t i c a l 
l i n e f or t o t a l compensation, and i t s upper'and 
lower l i m i t s represent 75% and 25# male incubation 
r e s p e c t i v e l y . 
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Dual incubation provides l i t t l e opportunity f o r 
p a i r i n t e r a c t i o n , but by r e t a i n i n g the commitment of both 
p a r t n e r s to the nest r e s u l t s i n both parents c a r i n g f o r the 
vulnerable young. 
The changeover r a t e during incubation 
For the f i r s t few days a f t e r the f i r s t egg has been l a i d , 
while the c l u t c h i s being completed, the p a r t n e r s a l t e r n a t e 
f r e q u e n t l y , handing over incubation d u t i e s up to 20 times 
a day. T h i s high l e v e l of a c t i v i t y f a l l s r a p i d l y to a 
f a i r l y s t a b l e l e v e l of about two changeovers per day ( F i g . 29 
and Appendix 6). There i s a s l i g h t f u r t h e r drop i n t h i s 
l e v e l throughout the course of i n c u b a t i o n . 
Once the eggs have hatched, the r a t e of changeover 
r i s e s r a p i d l y , although p a i r s whose eggs do not hatch continue 
the incubation pattern for a f u r t h e r 10 - 20 days. 
The o v e r a l l tendency i s for a two s h i f t / d a y 
system with one parent i n c u b a t i n g from e a r l y evening u n t i l dawn 
on the following day, and the r e t u r n i n g mate i n c u b a t i n g during 
the day. Such a p a t t e r n i s s u b j e c t to considerable i r r e g u l a r i t y 
throughout i n c u b a t i o n . T h i s unevenness i n the s h i f t system i s 
often produced by a b i r d r e t u r n i n g a f t e r a s h o r t e r time away 
than might have been expected. A l t e r n a t i v e l y , the d i s r u p t i o n 
may be caused by a partner not r e t u r n i n g when expected, whereupon 
the s i t t i n g b i r d continues to incubate u n t i l the absent mate 
r e t u r n s . I t seems, t h e r e f o r e , that the length of an incubation 
s h i f t i s determined by the r e t u r n of the non-incubating member 
of the p a i r to the s i t e . 
Figure 29. The number of times per day that the p a r t n e r s 
changed over p a r e n t a l d u t i e s during incubation 
and the e a r l y brooding of the c h i c k s . 
The"mean d a i l y changeover r a t e Was c a l c u l a t e d 
f o r 22 p a i r s from day 1, when the f i r s t egg was 
l a i d , u n t i l day 25 when some eggs s t a r t e d to hatch. 
Thereafter, changeover r a t e s were c a l c u l a t e d 
s e p a r a t e l y f o r the 17 p a i r s whose eggs hatched. 
( s o l i d l i n e ) and f o r the four p a i r s whose eggs 
f a i l e d to hatch (broken l i n e ) . 
95 %• confidence l i m i t s l i e between * 25 - 4-5 % 
of a l l mean changeover r a t e s . 
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D i u r n a l i t y i n the times of changeover 
The times of day at which n e s t r e l i e f s take place during 
incubation show a marked d i u r n a l i t y ( F i g . 30 and Appendix 7). 
There i s almost always a changeover i n the hour a f t e r dawn, 
and there i s a much l e s s marked peak i n the l a t e afternoon 
and e a r l y evening. 
T h i s post-dawn i n f l u x of b i r d s i s probably a 
carry-over from the p r e - l a y i n g part of the season (see 
Section I I ) . I t i s not known whether t h i s i s r e l a t e d to a 
feeding c y c l e , or whether the b i r d s merely leave t h e i r sea 
roost a t dawn to come to the colony. 
Baerends & Drent (1970) note that during e a r l y 
incubation i n the Herring G u l l departure from the eggs i s 
a t the time of low water when the b i r d s go o f f foraging. 
The i n f l u e n c e of t h i s foraging c y c l e was s t i l l n o t i c e a b l e 
l a t e r i n continuous incubation when there was a marked peak 
i n nest r e l i e f s 1-J - 3j hours a f t e r low water when the b i r d s 
returned from the t i d a l f l a t s . 
Since the Kittiwake feeds f a r out to sea 
(Pearson 1968) i t would not be expected to e x h i b i t a feeding 
c y c l e such as t h i s . Once the eggs have hatched, however, 
the c h i c k s r e q u i r e to be fed frequently, and t h i s probably 
accounts for the changed d i s t r i b u t i o n of changeover times 
i n t h i s period ( F i g . 30). There i s a f a r l e s s pronounced 
peak around dawn, and the b i r d s return more often during the 
hours before dawn, as w e l l as d i s t r i b u t i n g t h e i r v i s i t s 
more uniformly throughout the da y l i g h t hours. 
F i g u r e 30. Hourly d i s t r i b u t i o n of the times that p a r t n e r s 
changed over p a r e n t a l d u t i e s during the incubation 
of t h e i r eggs (lower histogram) and the brooding 
of t h e i r c h i c k s (upper histogram)'. 
Incubation was taken as the period from the 
l a y i n g of the f i r s t egg u n t i l i t hatched, and 
brooding as the 20 days a f t e r the f i r s t egg had 
hatched. The-numbers of changeovers are hourly 
t o t a l s f o r a l l 22 p a i r - y e a r s from 1968 - 1972. 
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I t i s not known whether ad u l t K i t t i w a k e s feed a t 
nigh t , but as Myres (1963) has pointed out, the prolonged 
t w i l i g h t found i n the a r c t i c and high l a t i t u d e s might permit 
feeding throughout the 2k hour period. Even i n the B r i t i s h 
I s l e s , a t the southern edge of the s p e c i e s breeding range, 
the summer t w i l i g h t period i s considerable and might allow 
the parents to feed before s u n r i s e and a f t e r sunset. 
Prolonged incubation 
As mentioned e a r l i e r , i f the eggs f a i l to hatch the b i r d s 
w i l l often continue to incubate them f o r twice the normal 
length of time. 
I n p a i r W1E i n 1971 incubation was normal except 
t h a t the female was o f f the eggs for 114 mins on day 3 of 
incubation, and o f f 8 times ( t o t a l of 83 mins) on day 11. 
T h i s second absence was s u f f i c i e n t to cause the death of 
the embryos, as determined by l a t e r examination of the eggs. 
Incubation proceeded, with a very r e g u l a r 2 changeovers/day 
( F i g . 33) u n t i l day 52, when both b i r d s s t a r t e d to leave the 
s i t e at n i g h t . However, they continued to incubate the eggs 
by day u n t i l the 59th day a f t e r l a y i n g . 
On E1D i n 1969 the male showed i n t e r m i t t e n t 
d e s e r t i o n but once he returned incubation proceeded normally 
u n t i l day 4-7 when the b i r d s l e f t the s i t e overnight. As with 
the p a i r c i t e d above, they incubated the egg by day u n t i l t h i s 
p a t t e r n a l s o decayed. 
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The eggs of the p a i r on W1D i n 1970 were i n f e r t i l e 
but were incubated u n t i l day kl when the patt e r n began to break 
down. The longest u n r e l i e v e d s h i f t f o r t h i s p a i r was performed 
by the male from day 17 u n t i l day 19* and l a s t e d 2293 mins 
(38 h o u r s ) . 
Holcomb (1970) l i s t s most of the recorded examples 
of prolonged incubation i n b i r d s , i n c l u d i n g the Herring G u l l 
i n c u b a t i n g for 36 - 73 days (two p a i r s ) r a t h e r than the normal 
27 days, and the L e s s e r Black-backed G u l l f o r 36 - 38 days 
(3 p a i r s ) r a t h e r than the u s u a l 26 days. He a l s o records 
two terns which normally incubate f o r 33 days s i t t i n g f o r 
over 60 days (White-capped Noddy Tern) and f o r over Sk days 
( F a i r y T e r n ) . Nelson (1966) notes that the Gannet, which 
normally hatches i t s egg i n days, may incubate f o r up to 
102 days i f the egg i s i n f e r t i l e . 
McFarland (1971) thought i t p o s s i b l e that the 
tendency to incubate i s s e l f - r e d u c i n g u n l e s s adequate feed-
back i s a v a i l a b l e from the eggs. The a l t e r n a t i v e i s Baerends 1 
view ( i n Baerends & Drent 1970) that incoming feedback 
information from s i t t i n g on the c l u t c h i s checked aga i n s t a 
pres e t expectancy va l u e . I n t h i s case i f the feedback i s 
greater than the "expected" then the incubation tendency 
i n c r e a s e s , whereas i f i t i s l e s s then i t w i l l decrease. 
I t does not seem p o s s i b l e at present to decide which of 
these a l t e r n a t i v e s approximates most c l o s e l y to the mechanism 
le a d i n g to prolonged i n c u b a t i o n . 
I n the Ki t t i w a k e , young p a i r s w i l l sometimes 
stop i n c u b a t i n g long before hatching i s due. The motivation 
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of these i n d i v i d u a l s towards incubation i s obviously very 
poorly developed by c o n t r a s t with the prolonged incubation 
behaviour e x h i b i t e d by other b i r d s . 
P a t t e r n s of changeover during incubation 
The changeover p a t t e r n s of s e v e r a l p a i r s are i l l u s t r a t e d i n 
F i g s . 31i 32, 33 and 3^« A hollow bar represents the presence 
of the female on the s i t e and a s o l i d bar represents the presence 
of the male. A v e r t i c a l l i n e s e p a r a t i n g these denotes a change-
over. The dots i n d i c a t e midnights and the d i s t a n c e s between 
them are therefore 2k hour p e r i o d s . The f i r s t day shown i s 
that on which the f i r s t egg was l a i d . 
F i g . 31a shows the great s i m i l a r i t y i n the p a t t e r n s 
e x h i b i t e d by the very experienced p a i r on WlF i n s u c c e s s i v e 
seasons. I n comparison, the r a t e of changeover of the l e s s 
w e l l - i n t e g r a t e d p a i r on E1D i n 1971 i s considerably f a s t e r 
( F i g . 31b). 
The p r o g r e s s i v e breakdown i n the i n t e g r a t i o n of 
the p a i r on WIG may be seen i n F i g . 32. The f a i l u r e of the 
male to perform h i s share of incubation was the cause of t h i s 
d i s r u p t i o n , and t h i s i n s t a n c e i s d e a l t with more f u l l y i n the 
following s e c t i o n . 
The i n s t a n c e of prolonged incubation by p a i r W1E 
i n 1971 i s represented i n F i g . 33, and has been di s c u s s e d 
p r e v i o u s l y . I t i s worth noting the extremely r e g u l a r nature 
of the p a t t e r n f o r a period towards the end of incubation. 
T h i s may represent a f a i r l y s t a b l e s t a t e v/hich i s r a r e l y 
reached before the eggs hatch i n normal incubation. 
Figures: 31 - 3^ 
These f i g u r e s represent p a t t e r n s of changeover for the 
f o l l o w i n g p a i r s : 
F i g . 31a . W1F i n 1968 and 1969 
F i g . 31b E1D i n 1971 
F i g . 32 WIG i n 1969, 1969 and 1970 
F i g . 33 W1E i n 1971 
F i g . 3*f WlD- i n 1972 
A l l these f i g u r e s should be read l i n e a r l y from top l e f t 
to bottom r i g h t . A hollow bar represents the presence 
of the female on the s i t e and a s o l i d bar shows the 
presence of the male. A v e r t i c a l l i n e s e p a r a t i n g these 
denotes a changeover. The a s t e r i s k s i n d i c a t e midnights 
and the d i s t a n c e s between them are therefore 2k hour 
periods. The f i r s t day shown i s that on which the f i r s t 
egg was l a i d (except f o r WIG i n I968 which s t a r t s 7 days 
a f t e r l a y i n g ) . 
F i g u r e s 31 and 32 terminate with the hatching of 
the f i r s t egg but f i g u r e s 33 and 3*t continue u n t i l the 
f i r s t break i n the changeover p a t t e r n . Gaps i n the 
upper hollow bars i n F i g u r e s 32 and 33 i n d i c a t e the 
occasions when the female l e f t the eggs unattended. 
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The p a t t e r n a f t e r the eggs have hatched, as w e l l 
as before, i s i l l u s t r a t e d i n F i g . 3*f. The changeover routine 
continued unbroken i n t h i s p a i r for 28 days a f t e r hatching. 
The i n c r e a s e i n the r a t e of changeover as brooding progresses 
may be c l e a r l y seen, and t h i s i s d i s c u s s e d i n more d e t a i l a t 
the end of Section V (Table ^3). 
E f f e c t i v e n e s s of incubation 
Defeathering of the brood patches i n the Kittiwake takes place 
f a i r l y r a p i d l y (Swartz 1966) but r e f e a t h e r i n g of the patches 
a f t e r incubation occurs more slowly. These developments are 
s i m i l a r i n males and females. Jones (1971), reviewing 
incubation patches, concluded that g u l l s represent an i n t e r -
mediate case among b i r d s i n that e i t h e r oestrogen + p r o l a c t i n 
or androgen + p r o l a c t i n may be e f f e c t i v e i n inducing defeathering 
and v a s c u l a r i s a t i o n of the brood patches. 
S i t t i n g continuously on the eggs p r o t e c t s them from 
predators and a l s o from environmental f l u c t u a t i o n s . The l a t t e r 
are probably more important i n the K i t t i w a k e , e s p e c i a l l y the 
f a c t o r of temperature. 
Avian embryos have a narrow temperature optimum 
and are r a t h e r more r e s i s t a n t to c h i l l i n g than to overheating 
(Baerends & Drent 1970). Many f a c t o r s must be i n v o l v e d i n 
t r a n s f e r r i n g heat to the eggs, among them the s i z e and shape 
of the brood patches r e l a t i v e to the eggs, t h e i r temperatures, 
and the i n s u l a t i o n p r o p e r t i e s of the n e s t . 
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The r e a c t i o n s of incubating parents to v a r i a t i o n s 
i n weather conditions are the normal ones which help them to 
maintain t h e i r body temperature. Since they are a l s o s i t t i n g 
almost continuously on t h e i r eggs, t h i s s e c o n d a r i l y r e g u l a t e s 
egg temperatures. 
Maunder & T h r e l f a l l (1972) found that i n the 
K i t t i w a k e the f i r s t few days of incubation were i n e f f e c t i v e 
i n maintaining a high egg temperature, although there was 
growth of some parameters even on the day of l a y i n g . Following 
t h i s there was a r a p i d r i s e i n temperature to a f a i r l y s t a b l e 
l e v e l , and t h e r e a f t e r a slower temperature i n c r e a s e . 
I n i t i a l development of the embryo was slow and 
i t only a t t a i n e d 50 % of i t s maximum weight 22 days a f t e r the 
egg was l a i d - that i s only 5 days before i t hatched. 
B a t t & Cornwell (1972), working with Mallard 
embryos, showed h a t c h a b i l i t y to be l i t t l e a f f e c t e d by exposure 
during the f i r s t few days a f t e r l a y i n g . ^hey a l s o found that 
embryos i n l a r g e r eggs survived exposure to cold b e t t e r than 
s m a l l e r ones, probably due to t h e i r g r e a t e r metabolism and 
slower c o o l i n g r a t e . 
I n 1972 some data on the e f f e c t i v e n e s s of 
incubation were obtained from the p a i r on s i t e WIDa. 
An empty egg was f i l l e d with g l y c e r i n e and a copper-constantan 
thermocouple, connected to a recorder, placed a g a i n s t the upper 
i n s i d e s u r f a c e . The egg was f i x e d so that i t could only r o t a t e 
about i t s s h o r t e r a x i s . 
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The p a i r l a i d two eggs normally, and the a r t i f i c i a l 
t h i r d egg was added on the day that the second egg was l a i d . 
The u s u al i n c r e a s e i n temperature over the f i r s t 3 - k days, 
to a f a i r l y steady s t a t e , was shown ( F i g . 35)• A s i m i l a r 
p a t t e r n has been noted i n the Herring G u l l (Baerends & Drent 
1970) and the Common G u l l (Barth 1955). 
I n the Herring G u l l the temperature of the body i s 
*fl .2°C, that of the brood patches *f0 - *fl°C, and the temperature 
at the i n t e r f a c e between brood patch and upper egg surface 39.5°C. 
The lower s u r f a c e of the egg and the nest f l o o r was found to be 
o i o 12 C lower, but t h i s d i f f e r e n t i a l decreased to 4 C as incubation 
proceeded. An average brood patch covered 18 % of the egg 
su r f a c e , and without i t the egg's upper surface was 35 - 36°C 
i n Herring, L e s s e r Black-backed and Common G u l l s , and the 
i n t e r n a l egg temperature was 38 - 39°C. 
The eggs of the p a i r on WIDa s t a r t e d chipping on 
days 25 - 26 and by day 28 a f t e r l a y i n g , when the f i r s t c h i c k 
emerged, the a r t i f i c i a l t h i r d egg was out of contact with the 
brood patch f o r many short periods ( F i g . 36). A f t e r the 
second c h i c k hatched on day 29 the t h i r d egg was not incubated 
for much longer periods of time, and by day 36 i t was r e c e i v i n g 
almost no incubation a t a l l . 
I t seems l i k e l y that the i n c r e a s i n g s i z e and r e s t l e s s -
ness of the c h i c k s f o r c e s the parents up o f f the eggs. Thus, 
u n l e s s the t h i r d egg hatches w i t h i n a short period a f t e r the 
other eggs, i t i s u n l i k e l y to hatch a t a l l s i n c e i t w i l l not 
r e c e i v e adequate i n c u b a t i o n . 
Figure 35. The i n c r e a s e i n temperature of an a r t i f i c i a l 
t h i r d egg during the days, a f t e r c l u t c h completion 
by p a i r W1D i n 1972.. . The shaded po r t i o n re p r e s e n t s 
- the temperature of a thermocouple a t the upper i n s i d e 
s u r f a c e of an egg f i x e d i n s i d e the n e s t . This t h i r d 
egg was added a t the time' tha t the second egg was 
l a i d 
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F i g u r e 36. T h © i n t e r m i t t e n t incubation of an a r t i f i c i a l 
t h i r d egg a f t e r the hatching of the other two eggs. 
Each day i s represented l i n e a r l y from l e f t to 
r i g h t , and a s o l i d l i n e i n d i c a t e s when a thermocouple 
at the upper i n s i d e surface of the egg r e g i s t e r e d a ' 
temperature below 20°C, 
The. n a t u r a l eggs s t a r t e d chipping 23 - 26 days' 
a f t e r the f i r s t egg had been l a i d . .The f i r s t c h i c k 
hatched on day 28- and the second oh day 29. 
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SECTION V 
FLEXIBILITY OF THE INCUBATION AND BROODING SYSTEMS 
Incubation by deserted females 
An extreme example of the compensatory mechanism mentioned i n 
Section IV occurs when one partner f a i l s to r e t u r n to the 
colony. I n most of the cases encountered i n t h i s study 
i t was the female who was l e f t to compensate for the absence 
of the male. 
The same p a i r on s i t e WIG from 1968 - 1970 showed 
a progressive trend towards t h i s s i t u a t i o n ( F i g . 32). In 
1968 the p a i r incubated s u c c e s s f u l l y u s i n g the t w o - s h i f t 
pattern o u t l i n e d p r e v i o u s l y . I n 1969 the female was l e f t 
alone f o r two periods of kO hours. L a t e r she incubated 
f o r 39 hours, went o f f the s i t e overnight, and upon r e t u r n i n g 
incubated for a f u r t h e r 38 hours. The male then returned 
and incubation proceeded normally although the eggs did not 
hatch. 
In 1970 the decay i n the p a i r ' s p a t t e r n occurred 
e a r l y i n incubation when the female was l e f t for 30 hours. 
L a t e r i n incubation the male deserted completely, whereupon 
she continued to incubate f o r over 20 days ( a t o t a l of 5^6 
hours on the s i t e and 30 hours o f f ) , hatching the eggs 
s u c c e s s f u l l y . During the f i r s t 11 days of t h i s period 
( u n t i l the c h i c k s were 6 days old) she l e f t the s i t e only 
20 times for a t o t a l of 126 mins (max. period 12 mins). 
Tables 33 and 3*f record her attendances a f t e r d e s e r t i o n 
i n 1969 and 1970. 
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Table 33. Attendance at the nest during incubation by female 
of the pair on s i t e WIG i n 1970, i l l u s t r a t i n g 
compensatory attendance by a female during absence 
of the male partner 
efore and % daily Number of times Cumulative 
desertion attendance o f f s i t e per day attendance 
- 5 63 0 
- 4 82 0 
- 3 55 0 
- 2 54 0 
- 1 79 0 
0 (deserted) 52 0 -
1 100 0 100 
2 100 0 100 
3 99 2 99.6 
4 98 5 99.3 
5 99 1 99.3 
6 99 1 99.3 
7 100 0 99.4 
8 99 1 99.4 
9 99 6 99.2 
10 98 3 99.1 
11 99 11 99.0 
12 94 5 98.3 
13 94 7 97.7 
14 91 11 97.4 
15 94 4 97.1 
16 92 8 96.1 
17 81 13 94.5 
18 70 4 94.3 
19 90 10 93.2 
20 77 5 92.6 
21 35 8 90.4 
22 23 - 88.0 
23 0 - 85.0 
24 2 - 82.2 
25 0 _ 79.6 
The male f a i l e d to return on day 22 of incubation leaving the 
female to incubate alone. Her i n i t i a l period of unbroken 
attendance at the site was 3915 mins or 65 hours. 
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Table J>h. Attendance at the nest during incubation by the 
female of the pair on si t e WIG i n 1969, i l l u s t r a t i n g 
compensatory attendance by a female during the absence 
of the male partner 
Days before and % da i l y number of times cumulative % 
aft e r desertion attendance o f f s i t e per day attendance 
- 5 58 0 
- k 100 0 
- 3 61 0 
- 2 100 0 
- 1 65 0 
0 (Desertion) 60 0 -
1 100 0 100 
2 100 1 100 
3 85 3 95 
k 73 1 89 
5 97 1 91 
6 73 2 88 
. followed a period when the 
l a t e r he was absent 
male returned 
again : 
to incubate, bi 
0 (Desertion) 72 0 72 
1 100 0 86 
2 98 1 90 
3 0 78 
k 100 0 83 
5 100 0 86 
6 8*f 3 85 
The i n i t i a l unbroken period of attendance was *f251 mins (71 hours) 
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A' similar attendance was recorded by the female on E1D 
i n 1971 whose partner disappeared when the chicks were about 
9 days old (Table 35). During 1969 t h i s same male had l e f t 
a d i f f e r e n t female on day 19 of incubation, returning on day 22. 
In the intervening period the female was only o f f the s i t e for 
a t o t a l of 13 mins, and a f t e r the male returned the incubation 
pattern was resumed. 
The longest unbroken attendances by females are those 
immediately a f t e r being deserted by t h e i r male partners, and 
a l l four values are remarkably similar : 
4251 mins 
Mean = 4038 - 288 mins 
3915 mins 
or 67 - 5 hours 
3862 mins 
4122 mins 
Possibly t h i s i s the maximum length of time that the bird can go 
without drinking. Ensor & P h i l l i p s (1970, 1972) have shown 
that the high levels of prolactin during incubation help to 
offset the dehydration effects of being immobilised on the 
clutch. Nelson (1968) refers to boobies (Sula spp.) going 
for up to 5 days without drinking water i n temperatures 
o 
approaching 100 F. 
The i n i t i a l absences of the Kittiwakes were so short 
that i t seems unlikely that they could have obtained food on 
these occasions. The fact that the Kittiwake does not have 
to leave the nest to excrete, as does the ground-nesting 
Herring Gull, may also assist i t i n remaining on the nest for 
almost three complete days. 
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Desertion by parents with chicks 
Among the radioactively monitored pairs, one female (W2I i n 1972) 
and one male (E1D i n 1971) disappeared suddenly when they had 
chicks aged about 9 days. The subsequent attendance of t h e i r 
partners i s shown i n Table 35 • 
The E1D female acquired a new mate on the 10 - 13th 
day af t e r desertion, and both fed the chicks thereafter. The 
new male continued to feed them for much longer than i s normal 
- i n one case u n t i l the chick was 12-J weeks old (2 September). 
The chicks were weighed shortly after desertion when aged Ik -
15 days, and found to be only 50 % (127 g) and 39 % (91 g) 
of the normal weight f o r chicks of t h i s age. 
The W2I male, who was a very experienced breeding b i r d , 
spent far more time o f f the s i t e and continued to feed his two 
chicks alone. They both reached normal weight before fledging 
successfully at the usual age of 42 days. 
In a l l the cases given so f a r , the cause of desertion 
i s not known, although since none of the deserting birds have 
been seen since, sudden death may be presumed responsible. 
Three cases were recorded i n 1971 when the mate i s known to 
have died during the rearing of the young. 
On s i t e W2B the female of the pair was found oiled 
l o c a l l y and died the following day. At t h i s time the chicks 
were 10 - lk days old. The male continued to care for them 
and no other b i r d was recorded on t h i s s i t e u n t i l they fledged 
(one at 36 days and one at 50 days). Throughout t h i s period 
t h e i r weights were normal for t h e i r ages. 
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Table 35. Attendance at the nest with chicks by parents 
a f t e r the disappearance of t h e i r partners 
Days after 
desertion 
Cumulative % 
attendance 
Number of times o f f 
s i t e per day 
E1D. 1971 W2I. . 1972 E1D. 1971 W2I. 1972 
0 (deserted) - - 0 0 
1 100 97 0 7 
2 100 79 0 37 
3 99.5 73 2 46 
4 99.1 69 4 39 
5 98 70 4 27 
6 97 71 14 36 
7 95 71 12 43 
8 94 68 13 55 
9 93 65 14 17 
10 90 61 16 36 
11 89 61 4 34 
12 89 59 11 38 
13 88 57 8 38 
In both of these cases the chicks were 8 - 10 days old when one 
parent f a i l e d to return. On E1D i n 1971 the female was l e f t 
by the male. On W2I i n 1972 the male was l e f t by the female. 
The i n i t i a l unbroken periods ' of attendance on the s i t e were : 
E1D female 4122 mins (69 hours) 
W2I male 1214 mins (20 hours) 
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On s i t e SICt the chicks were deserted by the female 
when they were 16 and 19 days old. She was found dead l o c a l l y 
three days l a t e r . Only the male was seen subsequently on the 
s i t e , where he fed and reared the two chicks successfully 
u n t i l the l a s t one fledged at about 44 days of age. 
The male on sit e S2B died on the s i t e , becoming tangled 
i n a fis h i n g l i n e used for nest material, when the chicks were 
about 5 weeks old. During a 4 - 5 days period following his 
death a new male came onto the s i t e , was accepted by the resident 
female and both new partners fed the chicks u n t i l they fledged 
successfully. This new pair stayed together for several weeks 
aft e r the chicks had l e f t . The incoming male had been a non-
laying siteholder two years previously on the s i t e , although 
not with the female involved i n the above instance. 
In three cases a male l e f t alone was able to feed 
and raise two chicks successfully. In the other two cases 
deserted females took new mates who helped to feed and care 
for the young, although t h i s i s unlikely to happen often. 
Possibly i n the l a t t e r cases males arrived on the 
sites which were undefended, and, once established, took 
over the contents of the s i t e - the incumbent female and her 
chicks. At t h i s stage i n the season there i s always a 
number of non-breeding males at the colony, and some of 
these have had experience of rais i n g chicks i n previous 
breeding seasons. 
Unfortunately no information i s available on the 
a b i l i t y of females to feed chicks unaided, but Hodges ( i n 
prep.) has shown that males are more responsive than females 
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to the begging pressure of the chicks. The data from E1D 
i n 1971 suggest that u n t i l the female took a new mate, the 
chicks were hardly growing at a l l . 
I t i s worth recording that a converse sit u a t i o n 
to that of females taking two mates i n a season was encountered 
on s i t e W2D i n 1971* The pair l a i d two eggs by 23 A p r i l and 
by 20 May had two chicks. The female disappeared and the 
chicks died by 2k May. A new female was seen regularly with 
the male aft e r 27 May and on 13 June t h i s female l a i d one egg. 
Both members of the newly-formed pair incubated t h i s egg up 
to 23 June, but after t h i s they merely stood on the s i t e . 
Unfortunately, t h i s egg was l o s t from the sit e and i t i s not 
known i f i t was f e r t i l e . The pair were seen together u n t i l 
the end of August, and the female u n t i l the end of September. 
This male was therefore responsible for the f i r s t and l a s t 
clutches of the season at thi s colony. 
Repeat laying 
Not infrequently eggs are l o s t from the nest either 
as a result of the a c t i v i t i e s of a parent or due to the poor 
cup structure of the nest. As long as at least one egg 
remains the birds w i l l continue to incubate. Should the 
whole clutch be l o s t , the b i r d may lay a replacement clutch 
af t e r an i n t e r v a l of time. This repeat laying has been 
noted for the Kittiwake by Belopol'skii (1961) and Dement1ev 
& Gladkov (1969), and more recently by Maunder & T h r e l f a l l (1972). 
In 1970 some t r i a l s were performed on the Fame 
Islands, and on a smaller scale at North Shields, to test 
the effect of removing complete clutches at d i f f e r e n t stages 
of incubation. The information from both colonies has been 
added together except where t h i s seemed inappropriate. 
In a l l , 8 l complete clutches were removed and 
repeat laying resulted from 49 of these (60 %) (Table 36a). 
There was a s i g n i f i c a n t difference between clutche 
which were replaced and those which were not i n t h e i r age', 
when robbed ( i n days after the f i r s t egg had been l a i d ) 
(Fig. 37 t ? g = 3.2470; P < 1 %). There was no difference 
between the two categories i n t h e i r mean laying dates for 
the f i r s t clutch ( t ? 9 = 0.3794; P = N.S.). 
However, clutches were only removed over a li m i t e d 
time span and not throughout the laying period so that any 
seasonal effect may have been missed. Since there was no 
demonstrable relationship between the ages of clutches when 
robbed and t h e i r laying dates ( r ^ = - 0.154; P = N.S.) 
i t i s unlikely that a seasonal effect i s being l o s t by 
these two cancelling out. 
There was no difference between the birds that 
relayed and the others i n the deviation {- i n days) of 
t h e i r laying dates from the mean for the colony (the same 
i n both„colonies i n 1970) t„ q = 0.0138; P = N.S. 
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Table 36a. Ages and dates of laying of clutches removed 
to produce repeat laying. 1970 
Clutches 
replaced 
Clutches not 
replaced 
Sample 
size 
Clutch Laying Deviation i n 
age date laying date 
(see below for explanation of headings) 
49 4.1 i 0.8 22 May - 2.5 8.0 - 1.6 
32 6.4 i 1.6 21 May - 2.5 7.5 - 2.5 
1. Clutch age : 
2. Laying date 
t h i s i s the age of the clutch when removed 
(i n days after the f i r s t egg had been l a i d ) 
the date on which the f i r s t egg of the 
f i r s t clutch was l a i d 
3. Deviation i n 
laying date : the deviation ( - i n days) of the laying 
date of a clutch from the mean annual 
laying date of the whole population 
Considering the 49 repeat clutches, the mean i n t e r v a l between 
the loss of one clutch and the st a r t of the next one was 
12.4 days - 1.4 days (range 10 - 17 days). Dement'ev & 
Gladkov (1969) record that the closely-related Red-legged 
Kittiwake w i l l replace l o s t clutches a f t e r about 10 days. 
This relay i n t e r v a l (y) was closely related to the 
age of the clutch when removed (x) : 
rk? = + 0.4571} P < 0.1 % y = 11.09 + 0.25 x 
However, the relay i n t e r v a l was not related either to the date 
of laying ( r ^ = - 0.0670) or to the deviation from the mean 
date of laying of the colony ( r ^ = -0.2030). 
For a smaller number of individuals i n the North 
Shields population the breeding experience of the females 
concerned i s known. 
Figure 37. ?he d i s t r i b u t i o n of the ages of clutches when 
removed ( i n days after the f i r s t egg had been l a i d ) 
for clutches which resulted i n repeat laying' and 
for those which did not. 
CN 
CN V CO 
o II 0) 
0) 
II 
0) 
0) 
4) 
0) 
0) 
CN CN 00 
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Table 36b. A b i l i t y of females with d i f f e r e n t breeding 
experience to replace l o s t clutches 
(Eggs removed within 2 days of clutch completion) 
Sample 
size 
Clutch 
replaced 13 
Clutch not 
replaced 15 
Percentage 
replacement k6 
Breeding experience of female Mean 
1 2 3 4 over k years 
7 4 
3 2 7 cases 6.5 - 2.0 years 
1 1 2 cases 2.6 - 1.3 years 
20 75 67 78 % 
The difference between the means of breeding experience for these 
two categories i s a si g n i f i c a n t one ( t 2 g = 3.72^0; P^ 0.1 % ) . 
However, the breeding experiences of females are not correlated 
s i g n i f i c a n t l y with t h e i r relay intervals ( r ^ = + 0.^936; 
P = N.S.). Since the age of the clutch when robbed has already 
been shown to affect the likelihood of i t s replacement, female 
breeding experience v/as compared with clutch age (z^g = - 0.02V?; 
P = N.S.), the results indicating that these two factors were 
not correlated. 
Earlier work (Coulson 1966) has shown that older, 
more experienced females breed e a r l i e r i n the season, and the 
effect here a t t r i b u t e d to female experience may be a seasonal 
one. In t h i s small sample, however, no relationship could 
be demonstrated between female experience and either laying 
date ( r 2 g = + 0.3278) or deviation from the mean laying date 
{r0(- = - 0.3^57). 
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I t seems possible, therefore, that the breeding 
experience of a female may affect her a b i l i t y to relay after 
losing her eggs, over and above any seasonal e f f e c t . Coulson 
(1963), studying the size of eggs, was able to show an increase 
due to the age of the female, as well as any seasonal e f f e c t . 
Maunder & T h r e l f a l l (1972), working with a population 
of Kittiwakes i n Newfoundland, noted that 6 out of 19 (32 %) 
of l o s t clutches were replaced, which i s about half the 
replacement rate found i n t h i s study. This may be accounted 
for by the clutches being l o s t at a d i f f e r e n t time i n the 
incubation period. They note that the tendency to replace 
a clutch and the success of the replaced eggs decreased as 
the time from the peak of laying a c t i v i t y increased. This 
may, however, have been due to the effect of clutch age 
rather than to any seasonal e f f e c t . 
I t i s interesting that i n a l l except one case 
t h e i r repeat clutches consisted of one egg, whereas.in 
t h i s study two-egg repeat clutches were normal. This may 
be related to the fact that i n t h e i r population egg-laying 
occurred two weeks l a t e r than i n the ones i n t h i s study. 
I t i s well-known that clutch size decreases as the season 
progresses (Coulson & White 196l), and that l a t e r - l a y i n g 
(more northerly) populations have smaller clutch sizes 
but larger i n d i v i d u a l eggs. I t i s possible that the 
Newfoundland single-egg replacements were larger than those 
i n t h i s study. 
Parsons (1971) found that the mean time taken by 
160 Herring Gulls to lay repeat clutches was 13«23 - °»12 
days - one day longer than the Kittiwakes i n t h i s study. 
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He also analysed the relay intervals i n pairs robbed immediately 
a f t e r laying, and aft e r 15 days incubation, both early and late 
i n the season, and concluded that any seasonal effect was 
greater than the incubation factor. He also found that the 
i n a b i l i t y to relay increased as the season advanced (although 
the analysis did not separate seasonal and clutch-age effects) 
u n t i l eventually no more eggs were found. 
Faludan (1951) also found that when complete 
clutches were removed, then repeat clutches were often l a i d by 
the Herring Gull (after 12 days) and the Lesser Black-backed 
Gull (11 days l a t e r ; range of 9 - 14 days). Weidmana(1956), 
working with the Black-headed Gull, produced repeat clutches 
i n 8 out of 25 complete clutches removed (32 %) a f t e r intervals 
of about 10 days (range 8 - 1 3 days). 
Protracted laying 
Parsons (1971), following Paludan (1951), found that i n the 
Herring Gull, as long as there i s always at least one egg i n 
the nest, then any loss- i s not replaced. I f the f i r s t egg 
i s removed as i t i s l a i d , or the f i r s t two eggs removed within 
2k hours of the laying of the second, then a fourth egg w i l l 
be l a i d two days after the t h i r d . This i s protracted laying. 
I f a l l the eggs are removed l a t e r than 2k hours a f t e r the 
second egg, then there i s no protracted laying, but repeat 
clutches may be produced as described above, 
Weidmann (1956) produced protracted laying i n the 
Black-headed Gull under the same conditions as those outlined 
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f o r the Herring Gull above. He has suggested that protracted 
laying may have been overlooked i n other species for which the 
" c r i t i c a l " period may be shorter. 2 - 2-J days incubation by 
the Black-headed Gull were not always enough to stop the fourth 
egg being produced, but 4 days (the i n t e r v a l between the f i r s t 
and t h i r d egg) was always enough. In t h i s g u l l , as i n others, 
no repeat or protracted laying results as long as at least one 
egg remains i n the nest for the bird to incubate. 
On the Farne Islands i n 1970 attempts were made 
to induce protracted laying i n the Kittiwake by removing eggs 
as they were l a i d (Table 37). The d i f f i c u l t y with t h i s approach 
i s knowing how many eggs the b i r d would have l a i d i f l e f t alone. 
In none of the 3^ t r i a l s were any fourth eggs produced. There 
remains the p o s s i b i l i t y that some of the t h i r d eggs l a i d may 
have been induced by the removal of what woul'd otherwise have 
been two-egg clutches, but t h i s i s considered u n l i k e l y . 
Table 37. T r i a l s to produce protracted laying by the 
removal of eggs as they were l a i d 
Sequence of eggs Number of Number of repeat 
i n the nest ** t r i a l s clutches l a i d 
0.0 Ik 8 
1.0 5 4 
1.2.0 k 3 
0.0.0 2 2 
0.1.0 3 0 
0 6 5 
The convention for the sequence follows Weidmann (1956). Thus, 
0.0 indicates that the f i r s t egg was removed when l a i d , and the 
second egg also removed when l a i d . 1.0 indicates that the f i r s t 
egg was l e f t , and both eggs removed aft e r the second egg had been 
l a i d , et seq. 
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Natural four-egg clutches have been reported by 
Belopol'skii (196l) for 19^7 (two instances). A single case 
was encountered at the North Shields colony i n 1972. In such 
cases there i s always the p o s s i b i l i t y that two birds have l a i d 
t h e i r eggs i n one nest, but t h i s i s deemed extremely u n l i k e l y . 
This fourth egg was similar i n colour and size to the t h i r d 
egg and l a i d at a normal i n t e r v a l a f t e r i t . Six days aft e r 
i t had been l a i d one of the four eggs disappeared from the 
nest and the remaining three were incubated normally. 
Suppression of laying 
Weidmann (1956) added a r t i f i c i a l eggs to 60 nests of the Black-
headed Gull before the eggs were l a i d . Some females were 
ready to s i t on them for two weeks before laying. He thought 
that probably at least 7 - 8 days s i t t i n g on eggs p r i o r to the 
time when the f i r s t egg would have been l a i d was necessary to 
stop laying. In many of these pairs laying was suppressed 
and some pairs incubated for up to two months without having 
l a i d any eggs, themselves. In t h i s species the fourth f o l l i c l e , 
degenerates a f t e r the second egg i s l a i d . 
The Herring Gull w i l l accept rather than reject 
foreign eggs for 9 days before the f i r s t egg (Paludan 1951). 
This coincides with the s t a r t of the f i n a l growth phase of 
the f o l l i c l e s . The fourth f o l l i c l e degenerates af t e r the 
laying of the second egg and before the t h i r d egg. 
Although both of these species w i l l accept eggs 
8 - 1 0 days before laying, such a si t u a t i o n w i l l only suppress 
the t h i r d f o l l i c l e and not either of the f i r s t two. I f 
suppression of the l a t e r f o l l i c l e s i s mediated by feedback 
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s t i m u l i from the incubation of the eggs, then the cause may 
be the i n t e r m i t t e n t incubation of the f i r s t egg (Baerends & 
Drent 1970; Spaans 1971) or the r e l a t i v e l y l a t e development 
of the brood patches. 
Smith (1966), studying the Iceland G u l l , recorded 
t h a t a t r e s i a of the remaining f o l l i c l e s d i d not begin u n t i l 
a f t e r the t h i r d egg was l a i d . I n Thayer's G u l l a t r e s i a of 
the "accessory" f o l l i c l e s occurred a f t e r the f i r s t egg had 
been l a i d . I n eleven K i t t i w a k e s which he examined ( I b i d , 
p. 77) he found t h a t f o l l i c u l a r a t r e s i a was even more r a p i d 
than i n Thayer's G u l l . 
As Smith suggests, i t i s l i k e l y t h a t the delay i n 
f o l l i c u l a r a t r e s i a which occurs i n some species may be 
adaptive i n p r o v i d i n g the p o s s i b i l i t y of egg replacement i n 
the case of l o s s . Among the ground-nesting g u l l s where 
there i s a higher e a r l y egg m o r t a l i t y t h i s "insurance" 
mechanism i s more evident than i n the c l i f f - n e s t i n g 
K i t t i w a k e and Thayer's G u l l s . The Herring G u l l leaves i t s 
eggs overnight and a t other times during the f i r s t week of 
incubation (Spaans 1971; Baerends & Drent 1970) and the 
Common G u l l i s also an i r r e g u l a r incubator during l a y i n g 
(Barth 1955) i but t h i s does not happen i n the K i t t i w a k e . 
I n a series of t r i a l s a t the North Shields colony 
eggs were added to empty cup nests before l a y i n g , and records-
made to see whether they were accepted. The r e s u l t s (Table 38) 
suggest t h a t when two eggs are added, they are accepted during 
the seven days p r i o r to the f i r s t egg being l a i d . However, 
a si n g l e egg i s f a r less l i k e l y t o be accepted. 
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The impression was gained t h a t males were more 
w i l l i n g t o accept donated eggs than females. One male r e t u r n i n g 
f o r a changeover a f t e r the eggs had been added.readily incubated 
and turned them 23 days before the p a i r ' s f i r s t egg. S l a t e r 
(1967) has shown t h a t i n the Bengalese Finch the p h y s i o l o g i c a l 
c o n d i t i o n of the male i s more l a b i l e than t h a t of the female. 
I n sixteen t r i a l s on the Fame Islands i n 1970 
si n g l e eggs were added to ne w l y - l a i d f i r s t eggs, but i n a l l cases 
a second egg was l a i d , and i n two cases t h i r d eggs were also 
produced. Thus no suppression of the- second egg could be 
induced, and i t seems u n l i k e l y t h a t any t h i r d eggs were 
suppressed e i t h e r . 
I n g u l l clutches of three eggs the t h i r d egg i s 
markedly smaller than the other two (Vermeer 1969). Parsons (1971) 
considered t h a t the onset of incubation was responsible f o r the 
r e l a t i v e l y smaller size of t h i s t h i r d egg. He found t h a t i n 
the Herring G u l l t h i s t h i r d egg was not j u s t a scaled down 
version of the e a r l i e r eggs, but t h a t i t had p r o p o r t i o n a t e l y 
more y o l k and l e s s albumen than they d i d . Thus any depressive 
e f f e c t of incubation during the l a y i n g period a f f e c t e d the 
albumen and not the y o l k . 
The p r o p o r t i o n a l decreases i n volume between f i r s t 
and second eggs, compared w i t h those between f i r s t and t h i r d 
eggs, are shown f o r several g u l l species i n Table 39. The 
Kit t i w a k e has the highest decrease between the f i r s t two 
eggs, t h i s accounting f o r 36 % of the t o t a l decrease (between 
f i r s t and t h i r d eggs). By c o n t r a s t , 93 - 95 % of t h i s t o t a l 
decrease i n the Herring and Lesser Black-backed G u l l occurs 
between the l a s t two eggs. 
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Table 38. Acceptance of eggs added to empty cup nests before 
l a y i n g . North Shields 1972 
* * 
Days before l a y i n g Acceptance 
t h a t eggs added 2 eggs 1 egg 
1 yes yes 
1 yes yes 
1 yes yes 
1 yes 
2 yes 
3 yes no 
3 yes no 
if yes 
5 no no 
5 yes no 
5 yes 
7 yes no 
8 no 
9 no 
10 no 
11 no 
11 no 
13 no 
15 no 
15 no 
23 no 
Acceptance i n d i c a t e s t h a t the egg(s) were r e g u l a r l y 
incubated by both members of the p a i r 
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Table 39. Decreases i n egg volumes i n g u l l clutches of 3 eggs 
Species Mean egg volumes (cc) Percentage decreases 
a b c a - b b - c a - 1 
G.B.B. 96.95 98.21 94.93 * 3.3 2.1 
K.G. 78.00 78.31 69.37 + 11.4 11.1 
H.G. 90.18 89.58 81.40 0.7 9.1 9.7 
L.B.B. 70.28 69.95 63.70 0.5 8.9 9.4 
L.B.B. 71.21 71.18 67.16 0.04 5.6 5.7 
C.G. 70.57 70.78 66.39 + 6.2 5.9 
C.G. 69.78 68.66 62.36 1.6 9.2 10.6 
R.B.G. 50.49 50.61 47.10 + 6.9 6.7 
K.W. 44.63 43.47 41.38 2.6 4.8 7.3 
L.G. 41.89 if 0.98 38.94 2.2 5.0 7.0 
B.H.G. 33.86 33.63 31.92 0.7 5.1 5.7 
(Data from Vermeer 1969, P. 103) 
G.B.B, = Greater Black-backed . Gull H.G. = Herring G u l l 
L.B.B. = Lesser Black--backed Gu l l C.G. = C a l i f o r n i a G u l l 
R.B.G. = R i n g - b i l l e d G u l l K.W. = Ki t t i w a k e 
B.H.G. = Black-headed Gu l l L.G. = Laughing G u l l 
This again suggests th a t i n the Ki t t i w a k e the f o l l i c l e s 
regress very r a p i d l y around the time of l a y i n g . This may w e l l 
be r e l a t e d to i t s greater i n i t i a l t e n a c i t y of inc u b a t i o n made 
possible by i t s c l i f f - n e s t i n g h a b i t and the r e s u l t i n g freedom 
from predators. Probably the f o l l i c l e s also develop more 
q u i c k l y before l a y i n g , the whole process occ u r r i n g over a 
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s h o r t e r period due to l i t t l e f l e x i b i l i t y of egg replacement a t 
t h i s stage being r e q u i r e d . Should a c l u t c h be l o s t , however, 
i t may be replaced a f t e r an i n t e r v a l s i m i l a r to other g u l l s 
(12 days) being more fre q u e n t l y and more q u i c k l y r e p l a c e d 
e a r l i e r i n the season by the more experienced breeding b i r d s . 
Chick and egg s u b s t i t u t i o n s 
L i t t l e experimental disturbance could be undertaken a t the 
North S h i e l d s colony without d i s r u p t i n g long-term s t u d i e s , 
but some manipulations were performed to t e s t the f l e x i b i l i t y 
of the incubation and brooding systems. 
1. Two c h i c k s (3 and 5 days) were s u b s t i t u t e d f o r a repeat 
c l u t c h (eggs -J and 1-J days o l d ) . One c h i c k died a f t e r 
2 days, but the other was s u c c e s s f u l l y r a i s e d to 
fle d g i n g . 
2. One c h i c k (3 days o l d ) was s u b s t i t u t e d f o r the l a s t , 
single-egg c l u t c h of the season immediately a f t e r i t 
had been l a i d . The c h i c k was r a i s e d to f l e d g i n g . 
3. A one-day old chick was s u b s t i t u t e d f o r two i n f e r t i l e 
eggs which a p a i r had been i n c u b a t i n g f o r 52 days 
(normal time 27 d a y s ) . The chick was brooded and 
fed f o r two days, a f t e r which i t was removed and the 
eggs r e p l a c e d . They were again incubated r e g u l a r l y 
fo r a few days before incubation became i n t e r m i t t e n t . 
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4. One c h i c k (3 days old) was s u b s t i t u t e d f o r two eggs s t i l l 
being incubated 39 days a f t e r l a y i n g . I t was brooded 
and fed f o r two days. Then i t was removed and the eggs 
replaced, whereupon they were incubated f or a f u r t h e r 
week. 
5. Two eggs were s u b s t i t u t e d f or two c h i c k s (3 and 5 days o l d ) . 
They were b r i e f l y and e r r a t i c a l l y incubated, but w i t h i n 
2 days had been deserted completely. 
6. Two eggs were s u b s t i t u t e d for two c h i c k s (1 and 3 days o l d ) . 
They were only incubated b r i e f l y and very i n t e r m i t t e n t l y , 
and l a t e r not a t a l l . Two days l a t e r the c h i c k s were 
replaced and subsequently r a i s e d s u c c e s s f u l l y to f l e d g i n g . 
7. A 17-day old c h i c k wandered onto an a d j o i n i n g s i t e where 
i t was adopted by a p a i r incubating a 24-day old, two-egg 
c l u t c h . Although often replaced on i t s o r i g i n a l s i t e 
the c h i c k repeatedly returned to i t s f o s t e r parents who 
r a i s e d i t to f l e d g i n g . 
8. A 4-day old c h i c k wandering onto an adjacent s i t e was 
adopted by a p a i r incubating a 27-day old, three-egg 
c l u t c h . Once again when replaced on i t s o r i g i n a l 
s i t e i t always returned to i t s adopted s i t e where i t was 
reared to f l e d g i n g . S e v e r a l examples of such behaviour 
have been recorded a t the North S h i e l d s colony i n 
previous y e a r s . 
9. The p a i r concerned i n t h i s example b u i l t an i s o l a t e d 
n e s t on a b u i l d i n g near the warehouse colony, but i t was 
destroyed on 11 May. On 6 June they occupied a s i t e on the 
warehouse, 4 days a f t e r i t had been vacated by a p a i r who 
had l o s t t h e i r n e s t and eggs. 
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Two eggs were added to t h i s s i t e on 13 June and immediately 
i r r e g u l a r incubation took place. A f t e r 2 days t h i s 
incubation became r e g u l a r , and a f t e r a f u r t h e r 3 days 
a cup-nest had been b u i l t around the h i t h e r t o unconfined 
eggs. Incubation was continued f o r 39 days a f t e r the 
eggs had been donated. 
This l a s t p a i r were therefore prepared to accept 
donated eggs on a s i t e where they had only been i n 
residence f o r a week, and where they had b u i l t no nest. 
This shows a considerable degree of f l e x i b i l i t y i n t h e i r 
behaviour. 
From these admittedly very l i m i t e d t r i a l s i t appears 
t h a t p a i r s are prepared t o accept chicks i n place of eggs at 
any stage between egg l a y i n g and day 52 of i n c u b a t i o n . The 
age of the chick does not seem t o matter, ranging from 1 - 1 7 
days o l d . 
Such acceptance must be q u a l i f i e d by n o t i n g t h a t only 
one chick was added i n most cases - the f a t e of two chicks i s 
l e s s c e r t a i n . The t r i a l s were performed l a t e i n the season 
and involved r e l a t i v e l y inexperienced b i r d s , but presumably 
more experienced i n d i v i d u a l s would have accepted donated, 
chicks even more r e a d i l y . These l a t e - l a y i n g p a i r s would 
not normally have hatched t h e i r eggs and therefore would not 
have had chicks. 
The s u b s t i t u t i o n of eggs f o r chicks i s f a r l e s s 
l i k e l y to r e s u l t i n successful i n c u b a t i o n . Probably once 
the chicks have been brooded f o r about 3 days, the tendency 
t o incubate has waned so f a r t h a t the parents cannot r e v e r t 
t o t h i s behaviour. 
Emlen & M i l l e r (1969) found t h a t R i n g - b i l l e d G u l l 
parents t o l e r a t e d most exchanges, except those backwards 
from more advanced chicks. This appears to represent the 
same s i t u a t i o n as encountered i n the K i t t i w a k e . 
More r e c e n t l y M i l l e r (1972) exchanged two newly-
hatched chicks f o r two eggs i n 2k clutches ranging from 
3 - 2 0 days o l d . He found t h a t u n t i l 8 days a f t e r l a y i n g 
the chicks were not accepted, but t h e r e a f t e r they were 
adopted. 
In the Lesser Black-backed G u l l , Faludan (1951) 
was able to obtain feeding of donated chicks as e a r l y as 
the l a s t day of l a y i n g . S i m i l a r l y Beer (1966) found t h a t 
Black-headed G u l l chicks s u b s t i t u t e d f o r eggs 1 - 2 weeks 
ol d were accepted, and t h a t parents would brood and feed 
chicks even before they had completed t h e i r egg l a y i n g . 
I t seems, t h e r e f o r e , t h a t the appearance of chicks of any age 
leads to t h e i r acceptance during most of i n c u b a t i o n . A f t e r 
t h i s i n i t i a l adjustment, the responses of the parents must 
be p a r t l y c o n t r o l l e d by t h e i r i n t e r a c t i o n s w i t h the chicks. 
The i n f l u e n c e of the chicks seems t o be such t h a t a f t e r 
3 or k days the parents are no longer able to r e t u r n to 
i n c u b a t i o n behaviour. 
Beer mentions several instances of b i r d s ending 
i n c u b a t i o n of t h e i r eggs when they adopted s t r a y chicks. 
Instances of s i m i l a r adoption a t North Shields are not 
uncommon, but the broad, f l a t n e s t i n g ledges there may be 
unusual i n a l l o w i n g t h i s . On the Fame Islands some chicks 
from higher up the c l i f f f a l l i n t o nests below, but t h i s i s 
u n l i k e l y to happen o f t e n . 
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Among the ground-nesting g u l l s where the c h i c k s may 
wander a t an e a r l y age, some measure of h o s t i l i t y to the young 
of other b i r d s no doubt helps to prevent premature termination 
of incubation. I n the c l i f f - n e s t i n g K i t t i w a k e , any c h i c k 
which the parent encounters a t i t s n e s t w i l l almost i n v a r i a b l y 
be i t s own, and thus i t does not need to respond a g g r e s s i v e l y , 
but only p a r e n t a l l y , to c h i c k s . 
C u l l e n (1957) exchanged Ki t t i w a k e broods of d i f f e r e n t 
ages and found that parents did not recognise t h e i r young up to 
4 - 5 weeks of age, e i t h e r by number or stage of development. 
She thought i t p o s s i b l e that there was some d i s c r i m i n a t i o n of 
older c h i c k s . She c i t e s Paludan as recording that parents 
may at t a c k young outside the n e s t , and suggests that r e c o g n i t i o n 
may be by l o c a t i o n i n the e a r l y s t a g e s . L a t e r , when f l e d g l i n g s 
approaching the nest provoke more h o s t i l i t y than j u v e n i l e s 
already present, the parent may be able to recognise the c a l l s 
of i t s own young. 
I n the Herring G u l l , Tinbergen (1953) considered 
that parents began to d i s t i n g u i s h t h e i r young from st r a n g e r s 
a t about 5 days o l d . This i s the time when they s t a r t to 
move around a c t i v e l y , so that i n d i v i d u a l r e c o g n i t i o n becomes 
d e s i r a b l e . 
Changeover r a t e s during incubation and brooding 
The r a t e s of changeover during the l a t e r , steady p a r t of 
incubation do not d i f f e r from year to year as long as the 
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same p a i r i s involved (Table 40a). However, d i f f e r e n t p a i r s 
have r a t e s s i g n i f i c a n t l y f a s t e r or slower than each other, 
and these d i f f e r e n c e s tend to be c o n s i s t e n t from year to 
year (Table 40b). 
Although the processes of l a y i n g , i n c u b a t i n g and 
hatching eggs follow one another i n an unbroken manner, 
they were divided i n t o a number of stages and these were 
compared (Tables 4 l a and 4 l b ) . The parameter used for the 
comparisons v/as the number of changeovers during the stage 
concerned, and a l s o the p a i r a c t i v i t y peak during the week 
before l a y i n g . 
The* p a t t e r n of r e l a t i o n s h i p s e s t a b l i s h e d ( F i g . 38) 
showed that the succeeding stages were r e l a t e d to one another 
except for a break at the point where the b i r d s s e t t l e d down 
to steady i n c u b a t i o n . 
I t has been suggested by Emlen & M i l l e r (1969) 
that the pace s e t t i n g mechanisms of the breeding c y c l e switch 
from hormonal to e x t e r n a l r e g u l a t o r s e a r l y i n the incubation 
phase. S l a t e r (1970) modifies t h i s and, while b e l i e v i n g 
that e x t e r n a l events exert u l t i m a t e c o n t r o l , concedes that 
they may r e l y more on hormonally-induced permissive s t a t e s 
e a r l y i n the c y c l e . 
Once the eggs have hatched, the changeover system 
p e r s i s t s for varying lengths of time (mean 2 5 - 6 days; 
range 8 - 4 2 d a y s ) . The r i s e i n the changeover r a t e occurs 
immediately upon the hatching of the f i r s t egg, r a p i d l y 
reaching a l e v e l of about 6 - 8 changeovers/day. 
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T h i s r a t e was lower during the f i r s t e i g h t days of 
brooding than subsequently f o r almost a l l p a i r s . A s i t u a t i o n 
p a r a l l e l to t h a t during l a t e r incubation was found, i n that 
the same p a i r s had s i m i l a r r a t e s i n s u c c e s s i v e y e a r s , with 
d i f f e r e n t p a i r s having d i s s i m i l a r r a t e s (Table k2). 
As the course of brooding proceeds, the r a t e of 
changeover i n c r e a s e s (Table 4-3). Pearson (1968) found that 
the mean number of feeds per day for s i n g l e - c h i c k broods was 
5, and f o r two c h i c k s was 8. This meant about 3 - ^ feeding 
t r i p s per day f o r each parent. I f the c h i c k s are fed a t 
every a r r i v a l of a parent, then these values agree w e l l 
with the changeover r a t e . 
The i n c r e a s e i n the changeover r a t e a f t e r 5 days 
may represent the point at which the begging pressure of the 
c h i c k s makes i t s e l f f e l t . The parents may then bring food 
at each a r r i v a l but only at the same i n t e r v a l s . I n c r e a s i n g 
pressure from the c h i c k s may account for the observed i n c r e a s e 
i n the r a t e . The f i n a l outcome of the f u r t h e r demands of the 
c h i c k s i s the breakdown of the changeover system, followed by 
e r r a t i c , l i t t l e or even no feeding of the c h i c k s . Such a 
scheme appears to f i t i n with the growth r a t e s of K i t t i w a k e s 
on the Fame I s l a n d s and elsewhere (see Section V I ) . 
In the H i n g - b i l l e d G u l l , Emlen.& M i l l e r (1969) 
found a d e c l i n e i n the feeding r a t e a f t e r 5 - 6 days, as 
the c h i c k s began to move away from the n e s t . They considered 
that t h i s r e f l e c t e d a change from frequent small food d e l i v e r i e s 
to infrequent l a r g e ones. 
Figure 38. The r e l a t i o n s h i p s between some consecutive phases 
i n the breeding cycle of the K i t t i w a k e 
The upper p a r t of t h i s f i g u r e i l l u s t r a t e s the lengths -
( i n days) of the n e s t - b u i l d i n g , incubation and f l e d g i n g 
phases of breeding. Successive stages which are 
s i g n i f i c a n t l y r e l a t e d (see Tables 4-la and 4 l b ) are 
l i n k e d by arrows w i t h s o l i d heads. Incubation and 
brooding have each been subdivided i n t o three stages. 
The lower-part of the f i g u r e (based upon 
1 
Table 38) shows the period over which eggs added 
to empty cup nests are accepted. I t also shows 
the time taken to l a y a repeat c l u t c h i f the 
o r i g i n a l one i s l o s t . 
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Table 40a. Changeover r a t e s during the second h a l f of 
incubation 
Day of 
incubation 
V/IB WIE E1D- W1D WIF W1H/W2I 
Mean 
70 71 70 71 70 71 70 71 72 68 69 71 72 
11 4 2 4 2 2 7 3 2 4 3 2 3 1 
12 3 1 1 1 6 4 3 4 2 3 2 4 2 
13 1 1 1. 2 4 5 4 2 4 3 4 1 1 
14 1 1 1 2 3 2 1 2 2 2 3 2 3 
15 3 2 2 1 4 5 5 2 2 2 3 4 3 
16 2 2 4 2 3 5 1 0 4 2 2 2 3 
17 2 2 3 2 3 4 3 2 2 3 3 2 1. 
18 1 2 2 2 3 4 0 3 2 3 2 2 1 
19 1 1 3 2 3 3 2 3 2 2 2 2 1 
20 3 3 1 2 2 3 2 2 2 2 2 2 1 
21 2 1 1 1 2 4 2 3 1 4 1 2 2 
22 1 1 3 1 2 3 2 2 1. 3 2 2 1 
23 1 2 1 2 3 3 2 3 1 2 2 1 1 
24 2 2 0 0 4 2 2 1 2 3 3 2 2 
25 5 0 l 2 2 2 2 2 2 3 2 1 1 
2.1 1.9 3.2 2.3 2.7 2.1 
1.5 1.6 3.7 2.3 2.3 1. 
2.2 
.6 .4 .6 .3 .6 .7 .6 .5 .5 .3 .4 .5 
Comparing the means for these same p a i r s i n s u c c e s s i v e years 
W1B t = 1.603 
WIE t = 0.741 
E1D t = 1.174 
WIF t = 1.362 
W1H t = 1.675 
WID 1970 x 1971 t 
1971 X " . 1972 t 
1970 x 1972 t 
For a l l these t values (28 d.f.) 
P > 10 96 
0 
0.281 
0.217 
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Table 40b. Changeover r a t e s during the second h a l f of 
inc u b a t i o n 
Using the same data as given i n Table 40a t h i s t a b l e 
g i v e s the Student's t values f or comparisons of the 
r a t e s of changeover of d i f f e r e n t p a i r s i n the same year 
W1E W1B 
E1D 
* * 
3-131 2.506* 
W1D 0.888 0.298 
W1B 0.585 
W 1 D 1970 values 
2.215* 
W1E W1B W1D _ Q__ 
1971 values 
*•* *»* * * 
ElD 5.423 5.420 3.368 
W1D 2.247* 2.342* 
W1B 0.266 
Symbols represent s i g n i f i c a n c e a t 5 % 
p r o b a b i l i t y 
1 % 
l e v e l s 
*** 0.1 % 
Unmarked values are not s i g n i f i c a n t a t the 5 % p r o b a b i l i t y l e v e l 
101 
Table 4 l a . Changeovers during d i f f e r e n t stages of 
incubation and brooding 
S i t e Year s t a g e 
1 2 3a 3b 4 5 6 
WIG 1968 - - 26 17 28 94 -
WIG 1969 59 20 14 10 No Hatching 
WIG 1970 13^ 44 26 14 Deserted 
W1F 1968 144 66 40 27 31 171 90 
W1F 1969 148 43 35 21 34 185 83 
W1E 1970 89 36 28 19 - 98 60 
W1E 1971 143 32 24 16 No Hatching 
W1E 1972 153 27 23 15 20 92 -
W1B 1968 148 35 44 30 - 122 -
W1B 1969 - - 35 19 23 133 85 
W1B 1970 105 30 32 20 23 102 -
W1B 1971 115 22 23 16 22 95 -
W1B 1972 145 36 35 18 26 95 -
W1D 1970 - 31 34 18 No Hatching 
W1D 1971 - 33 34 22 25 85 58 
W1D 1972 107 29 33 19 22 104 78 
E1D 1969 - - 17 10 No Hatching 
E1D 1970 110 36 47 27 34 150 162 
E1D 1971 96 27 56 33 42 - -
W1H 1971 - 24 32 18 36 100 -
W2I 1972 - - 22 14 32 - -
S I C t 1972 - 33 27 18 27 106 -
For explanations of the d i f f e r e n t stages see Table 4 l b . 
A l l f i g u r e s represent the numbers of changeovers during the 
stage s p e c i f i e d , except for stage 1 where they are the 
numbers of times that the p a i r came together during 
t h i s stage. 
0 
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Table 'fib. Comparisons of di f f e r e n t stages of 
incubation and brooding 
The information used i n making these comparisons i s that 
contained i n Table 4la. 
Comparison Correlation 
coef f i c i e n t 
Probability Sample 
size 
1 X 2 0.5173 < 5 % l*f 
1 x: 3a + 0.1521 N.3. 14 
1 X k - 0.2224 N.S. 9 
1 X 5 + 0.3351 N.S. 10 
2 x 3a + 0.2969 N.S. 18 
2 x if + 0.1859 N.S. 12 
3a x k + 0.6379 < 1 % 15 
3a x 5 + 0.5994 < 5 % 15 
h x 5 + 0.5712 * 5 % 13 
5 x 6 + 0. *f 720 N.S. 7 
Stages : 
1. Pre-incubation Times pair together during the week 
before the f i r s t egg i s l a i d 
2. Early incubation Number of changeovers during days 1 - 5 
of incubation 
3a. Late incubation Days 11 - 25 of incubation 
3b. Late incubation Days 16 - 25 of incubation 
4. Early brooding Days 1 - 5 of brooding 
5. Late brooding Days 6 - 23 of brooding 
6. Later brooding Days 2k - 33 of brooding 
Day 1 of incubation was the day on which the f i r s t egg was l a i d 
Day 1 of brooding was the day on which the f i r s t egg hatched 
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Table 42. Changeover rates during brooding 
Days 1 - 8 Days 9-28 
Site Year Male Female Mean Mean + 
E1D 1970 g s 7.5 1.3 9.0 0.9 
E1D 1971 g s 9.1 1.0 - -
W1F 1968 a J 7.0 1.1 9.6 0.9 
W1F 1969 a J 8.0 1.6 9.7 1.1 
W1E 1970 b j - - 5.2 0.5 
W1E 1972 b k 4.6 0.8 5.1 0.7 
W1B 1968 d m - - 7.2 0.7 
W1B 1969 e n 5.6 1.7 7.9 1.2 
W1B 1970 f n 4.6 0.7 - -
W1B 1971 f n 4.4 0.7 5.2 0.6 
W1B 1972 f P 4.6 0.7 5.8 0.9 
W1D 1971 e q 5.1 0.5 4.9 0.5 
W1D 1972 e q 4.5 0.9 6.5 0.8 
W1H 1971 h t 6.9 0.9 - -
W2I 1972 h t 6.5 0.7 - -
VJ1G 1968 c 1 5.9 0.7 - -
SICt 1972 i V 4.8 1.2 6.6 1.6 
Day 1 of brooding was the day on which the f i r s t egg hatched. 
A l l figures represent the mean numbers of changeovers per day 
(- 95 confidence l i m i t s ) during the period of brooding 
specified. 
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Table 43. Changeover rates during d i f f e r e n t phases of 
brooding 
Period : 
Days 1 - 5 of brooding Mean = 5.709 - O.36 
(N = 79) changeovers per day 
Days 6 - 23 of brooding Mean = 6.609 - 0.30 
(N = 238) 
Days 23 - 33 of brooding Mean = 7.4?5 - 0.62 
(N = 50) 
Comparing early brooding with middle brooding : 
t = 3.1416; P< 1 % 
Comparing middle brooding with l a t e brooding : 
t = 2.5099; P< 2 % 
Thus the rate of changeover appears to increase s i g n i f i c a n t l y 
as the course of brooding proceeds. 
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SECTION VI 
THE CHICK STAGE 
Egg volume and chick weight 
At hatching the weight of the chicks i s largely determined 
by the size of the egg, with larger eggs producing heavier 
chicks (Fig. 39). The chicks were v/eighed just a f t e r hatching 
whilst s t i l l wet, and th e i r weights (y) found to be closely 
related to the volumes of the eggs (x) from which they had 
just emerged (calculated from the formula 0.4866 x breadth 
x length af t e r Coulson 1963). 
r?k = + 0.904; y = 15.60 + 0.18 x 
Parsons (1971) also established t h i s relationship for the 
Herring Gull ( r = + 0.901) and studies on poultry have 
yielded similar results. Parsons further found that egg 
volume and post-hatching chick mortality were strongly 
correlated for f i r s t , second and t h i r d eggs. The larger 
the egg was, then the higher the percentage survival, t h i s 
being p a r t l y due to variation i n l i p i d reserves. He concluded 
that the parent-chick relationship takes some time to develop 
and that food reserves are of importance i n the early post-
hatching days. 
In t h i s context i t i s interesting to note that Harris 
(1964) found a drop i n weight of about 15 % i n the Herring 
Gull chick at hatching. In the Kittiwake, Maunder & T h r e l f a l l 
(1972) found that the growth of the embryo/chick continues 
Figure 39 • The relationship between the volumes of Kittiwake 
eggs and the weights of newly-hatched, chicks 
resulting from them. 
Chicks were weighed ju s t after hatching and 
while s t i l l wet. Volumes were calculated from 
the formula of Coulson (1963) :: 
0.4866 x breadth 2 x length 
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without i n t e r r u p t i o n through the hatching. They also found 
that chicks only recently hatched had food i n the foregut, 
and I have similar records for very young chicks on the 
Farne Islands. Thus, although the Herring Gull chick does 
not receive i t s f i r s t feed u n t i l about one day old, the 
Kittiwake chick may be fed very soon aft e r hatching. 
At hatching the emerging chick accounts for a l l but 
11 % of the o r i g i n a l egg weight (Table 44) . The rest i s 
made up of s h e l l , membranes, and the remains of the yolk sac. 
I t was noted that weighing the chicks while they 
were s t i l l wet did not materially affect the results obtained. 
One chick when wet weighed 35.4 g and dry 35*2 g, a loss of 
weight through drying of only 0.5 %. 
Chick growth 
Growth rates i n the Kittiwake have been determined by 
Belopol'skii (1961), Pearson (1968) and Maunder & T h r e l f a l l 
(1972). These studies have shown that weight increases 
without any i n t e r r u p t i o n during and a f t e r hatching, to be 
followed by a period of steady growth. 
A decline i n the growth rate sets i n at day 17 - 23, 
and by about day 27 there i s zero weight increase per day. 
After day 31 the chick begins to lose weight and t h i s l asts 
u n t i l fledging. The chicks reached adult weight at about 
22 - 24 days of age i n Pearson's work on the Farne Islands, 
but i n the studies i n Newfoundland and on the Murman coast 
the peak chick weights attained on days 29 - 33 were only 
96 % of the adult weight. 
10? 
Previous work has shown that the growth rates of 
chicks from d i f f e r e n t brood sizes do not d i f f e r (Pearson 1968), 
and that there are no differences between the growth rates of 
f i r s t and second hatched chicks (Coulson & White 1958a)* 
There are no differences between the growth rates of chicks 
hatched early and late i n the season. 
The 38 chicks used to establish the relationship 
i n Fig. 39 were weighed each day during the 10 days aft e r 
they hatched. Pearson (1968) found t h i s to be the period 
of most rapid growth. There appeared to be no difference 
between chicks s t a r t i n g at heavy, medium or l i g h t weights, 
although the sample sizes were small. Although the d i f f e r e n t i a l 
between heavy chicks and the others was maintained, the growth 
rates of a l l three categories were similar (Table 45). 
A l l these results suggest that parents f i n d l i t t l e 
d i f f i c u l t y i n feeding t h e i r young. This i s borne out by 
the apparent ease with which parents deserted by t h e i r partners 
at the chick stage were able to raise two chicks alone (see 
Section V). However, these examples from North Shields are 
complicated by the considerable breeding experience of the 
birds involved, and the presence near the colony of the 
North Shields Fish Quay where the deserted parents might 
scavenge for food. 
Since 1954, at the North Shields colony, 1868 eggs 
have hatched and 1632 of these young have fledged. This 
represents a fledging success of over 87 %• Since much of 
the mortality takes place during the f i r s t few days a f t e r 
hatching, t h i s again lends support to the b e l i e f that parents 
experience l i t t l e d i f f i c u l t y i n feeding thei r chicks. 
Table 44. Proportion of the t o t a l egg weight which i s shell 
at the time of hatching 
Weight of Weight of Weight of % t o t a l egg 
chick at shell at chick + weight which 
hatching hatching shell i s shell 
33.1 3.6 39.7 9.1 
3^.0 4.7 38.7 12.1 
36.4 5.4 41.8 12.9 
27.2 3.2 30 .4 10.5 
35.4 4.9 40.3 12.2 
28.1 3.3 31.4 10.5 
37.2 5.6 42.8 13.1 
38 .3 4.3 42.6 10.1 
32.1 3.2 35.2 9.1 
34.5 3.7 38.2 9.7 
31.8 3.4 35.2 9.7 
31.5 3.5 35.0 10.0 
35.6 4.2 39.8 10.6 
36.3 4.2 40.5 10.4 
32.-5 4.6 37.1 12.4 
39.4 4.4 43.8 10.1 
g g g 
Thus, at hatching, the shell represents a mean 10.8 % of the 
t o t a l weight of the egg (embryo + shell + membranes). After 
the membranes and yolk sac have dried out, t h i s shell weight 
drops to about 6 - 7 % of the t o t a l hatching weight. 
Table 45. Mean v/elghts of chicks from small, medium 
and large eggs 
Size category 
Days after 
hatching Small Medium Large 
At hatching 30.3 33.6 36.2 
1 33.2 35.8 42.7 
2 43.3 44.2 48.3 
3 49.3 53.8 58.1 
4 53.9 66.0 64.7 
5 79.7 77.1 79.9 
6 87.6 98.3 100.2 
7 97.1 108.2 118.2 
8 118.7 117.7 131.8 
9 135.1 123.4 142.6 
10 144.1 138.4 160.3 
Ranges of i n i t i a l weights used i n categories : 
Small = 25 - 31 g 9 chicks 
Medium = 31 - 34.5 g 17 chicks 
Large = 3/*«5 - 39 g 12 chicks 
A l l values given i n the table represent the mean weights (g) 
of chicks i n the three categories on the day specified. 
A l l weighings were made between 0700 - 1000. 
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A r t i f i c i a l l y enlarged broods 
Although a l l gulls have only three brood patches, i t has 
been shown that some species can raise more than three 
young : 
Herring Gull not more than 3 to fledging 
Lesser Black-backed Gull 4 - 6 young to fledging 
Glaucous-winged Gull 4 - 6 young to fledging 
Western Gull 4 - 7 young to fledging 
Harris & 
Plumb (1965) 
Vermeer (1963) 
Coulter (1966) 
In the Swallow-tailed Gull, which i s ecologically similar i n some 
respects to the Kittiwake, Harris (1970) found that twins were 
raised to fledging as successfully as the normal single chick. 
Such twins had similar growth curves for weight and wing length 
when compared with single chicks, and also the same feeding 
frequencies and feed sizes. 
In 1959 Coulson ( i n Lack 1966, p. 245) made up four 
broods of 4 Kittiwake chicks at North Shields and a l l the chicks 
fledged. Nelson (1964) found that Gannets had no d i f f i c u l t y i n 
hatching two eggs or ra i s i n g two chicks i n place of t h e i r usual 
one. '^ hese l a s t two instances Lack (1966) has attri b u t e d to 
highly favourable feeding conditions i n the areas concerned. 
I t has been pointed out by Pearson (1968) that 
planktonic-feeding petrels cannot raise such a r t i f i c i a l l y 
enlarged broods. He suggested that these species must spend 
a greater time i n catching t h e i r smaller food organisms than 
gu l l s and gannets which can probably obtain an equivalent 
amount from a few large f i s h . 
I l l 
Parsons (1971) made up 78 Herring Gull clutches 
of four and fiv e eggs, but found them to have a lower hatching 
success (37 %) than normal clutches (65 %). Indeed, the extra 
eggs confused the birds and resulted i n incubation of the 
or i g i n a l eggs being less effective than normal. 
On the Fame Islands i n 1970 twelve Kittiwake 
clutches were made up to k eggs by adding eggs of similar age 
(about 20 - 22 days) to the l a s t egg l a i d . This was a some-
what unnatural situation since any fourth egg would normally 
be 1 - 2 days younger than the t h i r d at laying. Three of 
these clutches resulted i n a l l four eggs being hatched 
successfully, although hatching was probably more highly 
synchronised than would have occurred naturally. In the 
remaining instances incubation broke down (2 cases), the 
or i g i n a l eggs were i n f e r t i l e (2 cases), and one or two of 
the eggs received incubation inadequate for embryonic 
development (5 cases). 
Among the four-chick broods produced, i n one case 
a chick died on the f i r s t day, and i n another the chick 
disappeared from the s i t e within the f i r s t day aft e r hatching. 
The remaining brood survived for 9 days before i t too l o s t one 
chick. In t h i s l a t t e r case the nest was on a very wide ledge, 
suggesting that i n i t i a l l y at least there was s u f f i c i e n t room 
for the chicks. 
Following t h i s , 8 broods of four chicks were made up, 
half on normal nests and hal f on large, ledge nests. The 
chicks on these l a t t e r lasted longer before losses occurred, 
although i n no case did more than three chicks survive to fledging. 
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The successful fledging of enlarged broods at North Shields 
mentioned e a r l i e r may be due to the very wide ledges afforded 
by the window ledges at t h i s colony. 
Cullen (1957) believed that chicks f a l l i n g from nests 
represented at least as important a source of chick mortality 
as starvation. Indeed, the chicks which f a l l are not just the 
weaker, inadequately-nourished members of the brood, but often 
the older and more vigorous chicks. 
McClannahan (1973) has investigated i n some d e t a i l 
the behaviour of Kittiwake chicks, contrasting i t with that 
of the young of ground-nesting Herring Gulls. She considered 
the nest structure of the Kittiwake to be similar to that of 
the Herring Gull, and to play l i t t l e part i n the d i f f e r e n t i a l 
retention of eggs and young. Chicks were brooded continuously 
for the f i r s t day, but thereafter more spasmodically. The chicks 
did not mind moving i n the dark, so that brooding at night i s 
obviously important. Kittiwake parents are less easily 
disturbed than Herring Gulls. 
Kittiwake chicks rarely stand for long periods; 
they face towards and approach v e r t i c a l walls, and only one 
chick at a time wing-flaps. Up to 10 days of age the chicks 
w i l l only s t a r t to beg for food af t e r a changeover, when the 
incoming parent i s alone at the nest. They have a perfect 
avoidance response to a visual c l i f f , and a less perfect 
one to t a c t i l e cues of an edge. 
A l l these findings of McClannahan represent 
adaptations to prevent the chicks being knocked or f a l l i n g 
from the nest. However, i n laboratory t r i a l s , 4 of her 
5 chicks f e l l from the nest - although admittedly under 
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abnormal conditions. A l l the chicks f e l l at night, and her 
lack of evidence for f a l l i n g under natural conditions may be 
due to t h i s occurring only at night. Falling tended to occur 
either when the chicks were very young or around 30 days when 
the chicks were actively wing-flapping. 
She found ledge size to have no effect on the a c t i v i t y 
of the chicks. However, i t seems possible that that might have 
some effect on the parents by enabling them to retreat from the 
begging pressure of the chicks. Time lapse photography of the 
pair on s i t e W1D at North Shields revealed that the parents had 
d i f f e r e n t responses to the begging of t h e i r chicks. The female 
remained on or close to the nest, hiding her b i l l when pestered 
by the chicks. The male, under similar pressure, retreated 
i n t o a chute which had been i n s t a l l e d for photographic purposes. 
Since the chicks were unw i l l i n g to leave the proximity of the 
nest, t h i s enabled him to escape the begging pressure of the 
chicks, while at the same time remaining on the s i t e to defend 
i t , and the young, i f necessary. As the pair only met b r i e f l y 
at the times of nest r e l i e f , l i t t l e opportunity existed for 
the female to learn t h i s strategy by observing the male. 
The i n a b i l i t y of the normal Kittiwake nest to support 
more than tv/o or three chicks as well as t h e i r parents may be 
at least as important a factor i n chick mortality as the i n a b i l i t y 
of parents to feed t h e i r young. Such a factor would be l i k e l y 
to take effect e a r l i e r than possible starvation. 
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Overnight absence aft e r hatching 
After breeding, the birds begin to leave the si t e at night 
i n July when they s t i l l have chicks. In each year there 
appears to be considerable s i m i l a r i t y between the pairs 
considered i n the time of these overnight departures. 
Indeed, apart from 1972, they a l l started to stay away 
overnight i n the second half of July. However, they 
continued to have the occasional overnight on the s i t e 
throughout August. 
Table 46 gives the dates of the f i r s t overnight 
absences for each pair and the time that the partners 
regularly began to stay away from the colony overnight. 
These dates are very similar for a l l pairs i n any given 
year (although the annual overnight departure date varies 
by at least three weeks). The consequence of t h i s i s that 
pairs which lay early i n the season spend more nights with 
t h e i r chicks than l a t e r - l a y i n g pairs (Fig. 40) . Since i t 
i s the more experienced breeding birds which lay e a r l i e s t 
(Coulson 1966), i t i s the young of these individuals which 
receive greater protection from f a l l s during t h e i r fledging 
period. 
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Table 46. Overnight absences from the si t e a f t e r hatching 
Year Site A B C D E F G H X y 
1968 W1F a j 21/7 m 2 21/7 60 + 2 - 5 
vaG c 1 15/7 m 2 20/7 57 58 - 1 - 7 
W1B d m 20/7 f 2 20/7 58 0 - 3 
1969 W1F a 0 22/7 f 5 22/7 62 + 9 + 3 
WIG c 1 8/7 f 7 8/7 38 -15 - 7 
E1D g r 13/7 f 5 13/7 45 53 - 8 - 4 
W1B e n 24/7 m - 24/7 66 + 13 +. 6 
1970 W1E b j 18/7 f 4 18/7 62 - 7 - 1 
W1B f n 27/6 m 11 15/7 66 - 3 + 6 
WIG c 1 30/6 ( f ) - - 69 
E1D S s 16/7 m 5 21/7 79 +10 +13 
1971 W1B f n 8/7 f 4 27/7 86 + 9 +13 
W1E b j 9/7 f 24 28/7 73 - 4 - 2 
E1D g s 25/7 ( f ) - 25/7 79 77 + 2 + 6 
W1D e q 12/7 f 6 26/7 76 - 1 + 5 
W1H h t 14/7 f 6 25/7 72 - 5 0 
1972 W1D e q 2/7 f 6 7/7 62 + 7 + 9 
W1B f p 29/6 m 3 2/7 48 - 7 - 2 
W1E b k 1/7 m 9 10/7 60 55 + 5 * 3 
W2I h t 3/7 (m) - 14/7 41 -14 - 9 
SICt i V 16/7 f 14 16/7 63 + 8 0 
Column headings : 
Male and female members of the pair 
Date on which the s i t e was f i r s t l e f t vacant at night 
Sex of the bird f i r s t leaving the si t e vacant overnight 
Days a f t e r C when the other partner stayed away overnight 
Date af t e r which the sit e was regularly l e f t vacant at night 
Number of days between the laying date of the f i r s t egg and 
the s t a r t of regular overnight vacation of the sit e 
Annual mean values for intervals i n column G 
Deviation of values i n G from annual mean (H) - i n days 
Deviation of laying date of the pair from the colony mean 
annual laying date (positive values indicate early-
laying and negative values late-laying pairs) 
indicates no hatching; ** indicates one partner disappeared 
A & B 
C 
D 
E 
F 
G 
H 
x 
y 
F i g u r e *f-0. T h i s f i g u r e shows the r e l a t i o n s h i p between the date, 
of l a y i n g and the length of r e g u l a r overnight 
brooding of the young. 
In each year studied, an annual mean was 
c a l c u l a t e d f o r the p a i r s monitored of the number 
of days e l a p s i n g between the l a y i n g date of the 
• f i r s t egg and the date on which the pare n t s 
r e g u l a r l y began to leave the s i t e unattended 
at n i g h t . The d e v i a t i o n ( i n days) of each p a i r 
from t h i s annual mean comprised the va l u e s on the 
v e r t i c a l a x i s (column x i n Table *f6). 
These v a l u e s have been p l o t t e d a g a i n s t the 
de v i a t i o n of the l a y i n g date for each p a i r ( i n days) 
from the annual mean l a y i n g date for.the colony, 
on the h o r i z o n t a l a x i s (column y ) . P o s i t i v e v a l u e s 
i n d i c a t e e a r l y - l a y i n g p a i r s and negative values 
l a t e - l a y i n g ones 1. 
+ 16 
+ 8 
r = + 0 7 2 9 8 
1-2 + 0 - 9 8 x 
EARLY LATE 
16 
8 +16 + 8 
Deviation of laying date from 
(days ) annual mean 
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SECTION V I I 
DEPARTURE FROM THE COLONY 
Post-breeding a c t i v i t y 
As has been mentioned i n Sec t i o n I , there i s a post-breeding 
resurgence i n the a c t i v i t y of breeding p a i r s a f t e r the young 
have departed from the colony i n J u l y and August. At t h i s 
time there are a l s o s i g n s of t e r r i t o r i a l and sexual behaviour. 
Nelson (1965) has recorded a s i m i l a r s i t u a t i o n i n the Gannet 
which e x h i b i t s a l a t e flowering of t e r r i t o r i a l a c t i v i t y . 
Coombs (1960) a l s o found considerable a c t i v i t y i n the Rook 
i n Autumn. I n the l a t t e r s p e c i e s the sexual resurgence 
involved d i s p l a y s and a c t i v i t i e s as i n t e n s e and frequent as 
those i n s p r i n g . Coombs considered these to be important 
i n pair-formation as w e l l as e s t a b l i s h i n g and maintaining 
t e r r i t o r y . 
I t seems l i k e l y that the post-breeding a c t i v i t y 
peak i n the Kittiwake s e r v e s a s i m i l a r function i n strengthening 
the pair-bond between members of an e s t a b l i s h e d p a i r . The 
higher l e v e l of a c t i v i t y among these p a i r s may a l s o contribute 
to the e a r l i e r r e t u r n of experienced b i r d s to the colony at 
the s t a r t of the fol l o w i n g season. 
T h i s i s a l s o the time v/hen b i r d s which have not 
bred p r e v i o u s l y prospect f o r s i t e s and mates to which many 
of them r e t u r n the f o l l o w i n g season. Breeding p a i r s which 
have been u n s u c c e s s f u l often s p l i t up at t h i s time, and while 
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some leave the colony soon a f t e r f a i l u r e , others remain to 
take new s i t e s or mates to which they a l s o r e turn a t the 
beginning of the next season. T h i s f a m i l i a r i s a t i o n of a 
b i r d with a p o t e n t i a l s i t e or mate may confer upon i t a 
marked advantage i n the ensuing competition for nest s i t e s 
and p a r t n e r s . 
Mate changes due to divorce and bereavement 
B i r d s which change t h e i r mate while t h e i r former mate i s s t i l l 
present a t the colony w i l l be termed divorced b i r d s , while 
those whose mate has died w i l l be c a l l e d bereaved b i r d s . 
Coulson (1972) has shown that the delay i n the date 
of l a y i n g brought about by a mate change i s sh o r t e r i n divorced 
b i r d s than bereaved ones, although t h i s d i f f e r e n c e i s not 
s i g n i f i c a n t . There i s a l s o a suggestion that divorced b i r d s 
l a y s l i g h t l y l a r g e r c l u t c h e s than bereaved b i r d s . The l a t t e r 
had a s i g n i f i c a n t l y lower breeding success and fledged fewer 
young per p a i r than divorced b i r d s . 
T h i s l e s s e r e f f e c t of divorce compared with 
bereavement may be due to d i f f e r e n c e s i n the time t h a t they 
take e f f e c t . A b i r d whose mate d i e s during the winter may 
r e t u r n to the colony and wait f o r i t s mate for s e v e r a l weeks 
(see F i g . 19) before attempting to secure a new mate or s i t e . 
During t h i s time the p o t e n t i a l number of mates and s i t e s 
decreases s i n c e pair-formation and site-ownership proceed 
throughout the f r u i t l e s s w a i t . 
I n c o n t r a s t , a p a i r which have been u n s u c c e s s f u l 
i n some aspect of breeding may s p l i t up soon a f t e r f a i l u r e . 
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T h i s allows them to look for a new mate or e s t a b l i s h 
themselves on a new s i t e during the post-breeding period 
of a c t i v i t y . On t h e i r r e t u r n the following year they go 
to t h e i r new s i t e , or p a i r immediately with t h e i r new mate. 
Even i f n e i t h e r of these are p o s s i b l e , they w i l l look f o r 
new ones without delay - u n l i k e a b i r d whose mate has died. 
Nelson (1965) records that the a t t i t u d e of male 
Gannets towards females as p o t e n t i a l mates goes through a 
r e c e p t i v e period at the beginning of the season, becomes 
h i g h l y s e l e c t i v e l a t e r , and then goes through a second 
r e c e p t i v e phase towards the end of the season. As mentioned 
e a r l i e r , the Gannet a l s o shows a marked period of p o s t -
breeding a c t i v i t y . I f the K i t t i wake went through a s i m i l a r 
phase of r e c e p t i v i t y to p o t e n t i a l mates during i t s post-
breeding resurgence of a c t i v i t y , then t h i s might contribute 
to the success of divorced b i r d s i n f i n d i n g a new mate f o r 
the f o l l o w i n g season. 
Primary moult 
B i r d s examined from February to e a r l y May showed no s i g n s 
of moult. T h i s f i r s t appeared i n the l a t t e r h a l f of May 
and i n June, s h o r t l y a f t e r the s t a r t of egg l a y i n g . During 
June and J u l y the breeding b i r d s looked at had about 6 - 8 
old p r i m a r i e s , and i n August about 3 - 5 old p r i m a r i e s 
remained. I n September, when the colony was vacated, 
the few i n d i v i d u a l s i n s pected s t i l l had 2 - 3 old p r i m a r i e s . 
The major part of t h i s annual moult i s thus accomplished 
between egg l a y i n g and the time that the b i r d s l e a v e t h e i r 
colony to overwinter at s e a . 
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Departure from the colony 
The departure of i n d i v i d u a l s from the colony i n 1971 i s shown 
i n Table 47, and was s i m i l a r i n the other y e a r s considered. 
The r a t e of departure a c c e l e r a t e d towards the end of the season, 
but there was no d i f f e r e n c e between males and females i n the 
l a s t date on which they were seen ^112 ~ 0 « 2 7 l 8 ) . 
The g r e a t e r the number of years that an i n d i v i d u a l 
had bred a t the colony ( x ) , then the l a t e r was the date on 
which i t was l a s t seen (y; i n weeks a f t e r 24 J u l y ) : 
Males r ^ =- + 0.4912 P < 0 .1 % y = 3.69 + 0 .37 x 
Females = + 0.4833 P < 0 .1 % y = 3.78 + 0.40 x 
S i m i l a r l y , the members of o l d - e s t a b l i s h e d p a i r s remained a t 
the colony l a t e r i n the season than others : 
Males r3k = + 0.2834 P < 5 % y = 4.71 + 0 . 4? x 
Females r 5 6 = + 0.2553 P < 5% y = 4.83 + 0 .52 x 
T h i s follows from the f i n d i n g , mentioned when d i s c u s s i n g the 
occupation of the colony, t h a t such e s t a b l i s h e d p a i r s are 
composed of the more experienced breeding i n d i v i d u a l s . 
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Table 4? . Departure of b i r d s from the North S h i e l d s colony 
1971 
Date A. B C D. £. F 
28/7 80 2 3 2 80 3 
31 30 1 3 3 110 3 
3/8 120 12 10 15 230 7 
6 88 13 15 28 318 9 
9 40 8 20 36 358 10 
12 39 1 3 37 397 9 
16 63 6 10 43 460 9 
19 70 17 24 60 530 11 
24 34 2 6 62 564 11 
27 15 2 13 64 579 11 
31 44 2 5 66 623 11 
2/9 39 11 28 77 662 12 
6 18 1 6 78 680 12 
9 24 7 29 85 704 12 
13 38 18 k7 103 7k2 14 
16 3 1 33 104 7k5 14 
23 19 6 32 110 76k 14 
28 2k 13 54 123 788 16 
30 20 8 ko 131 808 16 
4/lo" 16 10 63 141 824 17 
Column headings : 
A" The number of b i r d s at the colony on the dal 
B The number of these which were seen f o r the 
on the date shown 
9 % 
15 % 
13 % 
33 % 
47 & 
C The percentage of b i r d s a t the colony which were seen 
g 
for the l a s t time ( v i z . ^ , as % ) 
D Cumulative t o t a l of b i r d s seen f o r the l a s t time that year 
E Cumulative t o t a l of a l l b i r d - v i s i t s to colony recorded 
F Cumulative percentage of b i r d s v i s i t i n g the colony for the 
l a s t time ( v i z . D as % ) 
E 
G Percentage of v i s i t s to the colony during f o r t n i g h t l y periods 
which were made by b i r d s v i s i t i n g i t f o r the l a s t time that year 
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DISCUSSION 
Cu l l e n (1957)i i n her c l a s s i c study of the K i t t i w a k e , showed 
how i t d i f f e r e d i n many behavioural and morphological aspects 
from g u l l s which s t i l l r e t a i n e d the a n c e s t r a l ground-nesting 
h a b i t . More r e c e n t l y McClannahan (1973) has continued and 
extended t h i s comparison, examining the adaptive behavioural 
complex of the young i n r e l a t i o n to the c l i f f n e s t . 
S i m i l a r i t i e s i n behaviour a l s o e x i s t between the 
Ki t t i w a k e and other g u l l s which nest on c l i f f s i t e s , such as 
the Swallow-tailed G u l l (Hailman 1965) and Thayer's G u l l 
(Smith I966). The Gannet, which a l s o breeds on c l i f f s , 
shows considerable behavioural s i m i l a r i t y to the Kit t i w a k e 
d e s p i t e the two s p e c i e s being p h y l o g e n e t i c a l l y very d i f f e r e n t 
(Nelson 1967). This i s presumably due to convergent evolution, 
although Nelson b e l i e v e s that the Gannet was a n c e s t r a l l y a c l i f f -
n e s t e r and has only r e c e n t l y used f l a t t e r ground. 
The p a t t e r n s of Ki t t i w a k e behaviour emerging from 
t h i s study a l s o r e f l e c t i t s adaptation to c l i f f - n e s t i n g as w e l l 
as the concomitant r e l a x a t i o n of predation p r e s s u r e . The 
l i m i t e d number of s u i t a b l y s a f e c l i f f s i t e s - e s p e c i a l l y those 
near other K i t t i w a k e s - r e s u l t s i n int e n s e competition for 
such s i t e s , and t h i s i s r e f l e c t e d i n the many aggre s s i v e 
elements to be found i n Ki t t i w a k e behaviour. 
I n d i v i d u a l s cannot move gradu a l l y onto such s i t e s 
but must land on them unreservedly, and once on the s i t e the 
b i r d s must perforce stand c l o s e together. T h i s r e s u l t s i n 
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appeasement d i s p l a y s a l s o being well-developed. Thus the 
pr o t r a c t e d g r e e t i n g ceremony performed upon the a r r i v a l of 
a b i r d at the s i t e may serve to reduce aggression between 
members of the p a i r . Once a p a i r has been formed, some 
measure of i n d i v i d u a l r e c o g n i t i o n may serve to lower h o s t i l i t y 
towards an a r r i v i n g mate, and t h i s may a l s o apply to neighbours. 
P a i r members a l s o indulge i n a l l o p r e e n i n g ( C u l l e n 
1962) when standing together on the s i t e . T h i s behaviour 
i s a l s o found i n the c l i f f - n e s t i n g Black Noddy ( C u l l e n & 
Ashmole 1963) and i t may help to decrease aggression when the 
b i r d s are clo s e together. I n view of the preference of the 
Kittiwake f o r red r a t h e r than yellow ( C u l l e n & C u l l e n 1962) 
i t i s i n t e r e s t i n g to note that most a l l o p r e e n i n g takes place 
around the eye and at the base of the b i l l - both of which 
are red. 
Many K i t t i w a k e s have bri g h t red o r b i t a l r i n g s when 
they return to the North S h i e l d s colony i n January. These 
p e r s i s t u n t i l l a y i n g but fade r a p i d l y t h e r e a f t e r , u n t i l by 
J u l y they are almost black again. Young, non-breeding b i r d s 
a r r i v i n g a t the colony l a t e i n the season have red o r b i t a l 
r i n g s , i n marked c o n t r a s t to the darker r i n g s of the breeding 
b i r d s . The i m p l i c a t i o n s of t h i s d i f f e r e n c e and i t s under-
l a y i n g endocrine mechanism are not understood but i t i s 
c l e a r l y l i n k e d with gonadal development. 
The g r e e t i n g ceremony may serve a dual function, 
i n that as w e l l as l e s s e n i n g aggression i t may a l s o serve 
to strengthen the p a i r bond. Thus when during the period 
that the p a i r i s being formed the male fr e q u e n t l y l e a v e s 
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the s i t e to perform short a e r i a l c i r c u i t s of the colony, t h i s 
may strengthen the p a i r bond and a l s o accustom the female to 
remain on the s i t e a f t e r the departure of the male. Once 
again a p a r a l l e l e x i s t s i n the behaviour of the Gannet 
(Nelson 1965, p. 27^). 
I t has been shown that during the period before 
egg l a y i n g there are a l a r g e number of repeated a r r i v a l s by 
the male. This may serve to bring the female i n t o ovulatory 
condition, and a l s o to r e i n f o r c e the p a i r bond j u s t before 
shared incubation p l a c e s the g r e a t e s t s t r a i n on i t . 
The hormonal b a s i s of the reproductive c y c l e i n 
b i r d s i s complex and i m p e r f e c t l y understood. I t i s probable 
that e c o l o g i c a l f a c t o r s such as photoperiod and temperature 
a c t through the hypothalamus and a n t e r i o r p i t u i t a r y to i n f l u e n c e 
the growth of the gonads, and to determine breeding at an 
appropriate time of year. 
Within t h i s breeding season the s u c c e s s i v e 
reproductive phases inv o l v e complex i n t e r a c t i o n s between 
s t i m u l i from the environment and i n t e r n a l changes i n endocrine 
c o n d i t i o n . T h i s study has shown s u c c e s s i v e stages of the 
K i t t i w a k e breeding c y c l e to be r e l a t e d , with a break e a r l y 
i n incubation where the r e l a t i v e i n f l u e n c e of e x t e r n a l events 
may become gr e a t e r . E x p e r i e n t i a l and s o c i a l f a c t o r s may a l s o 
modify behavioural development and the response to e x t e r n a l 
s t i m u l i , but the i n t e r a c t i o n s of a l l these f a c t o r s are as yet 
u n c e r t a i n . 
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Seasonal d i f f e r e n c e s i n behaviour, and d i f f e r e n c e s 
between i n d i v i d u a l s , may be due to d i f f e r e n t i a l s e n s i t i v i t y 
as w e l l as d i f f e r n n t l e v e l s of hormones. The g r e a t e r lengths 
of reproductive phases l a t e i n the breeding season, as demonstrated 
f o r n e s t - b u i l d i n g i n the K i t t i w a k e , may be due to hormonal l e v e l s 
changing more slowly a t t h i s time. 
Much more work needs to be done on these aspects and 
a l s o on the hormonal d i f f e r e n c e s between b i r d s breeding e a r l y 
and l a t e i n the season, and between naive and experienced 
breeding i n d i v i d u a l s . The hormonal s t a t e of non-breeding 
i n d i v i d u a l s i s a l s o worthy of i n v e s t i g a t i o n , s i n c e some of 
them have been shown to e x h i b i t high attendance at the colony 
although they make no attempt to breed. I t would a l s o be 
most i n t e r e s t i n g to know the underlying endocrine mechanism 
for the post-breeding resurgence of sexual a c t i v i t y seen i n 
the Kittiwake and other b i r d s (e.g. Coombs 19&0, Nelson 1965), 
s i n c e at t h i s time the gonads are i n a regressed s t a t e . 
In mammals reproduction i s centred around the female, 
who has an o e s t r u s c y c l e of l i m i t e d r e c e p t i v i t y . She alone 
c a r r i e s the developing embryo and i n most s p e c i e s the male 
c o n t r i b u t e s l i t t l e to the care and feeding of the young. 
Thus the o e s t r u s c y c l e i s fundamental to mammalian reproductive 
co-ordination and there i s l i t t l e need for elaborate c o u r t s h i p . 
In b i r d s however the r o l e s of both sexes are often 
considerable and i n the K i t t i w a k e they are almost equal. 
Co-ordination between p a i r members extends from t e r r i t o r y 
establishment e a r l y i n the year, through n e s t - b u i l d i n g , 
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copulation, l a y i n g and incubation, to brooding and feeding of 
the young. In avian s p e c i e s the more complex and h i g h l y 
elaborated c o u r t s h i p behaviour probably helps to ensure a 
strong pair-bond and s u c c e s s f u l co-ordination. 
Although t h i s study has r e s t r i c t e d i t s e l f to the 
heterosexual i n t e r a c t i o n s between p a i r members, t h i s almost 
c e r t a i n l y r e p r e s e n t s a considerable s i m p l i f i c a t i o n i n the 
case of such an i n t e n s e l y c o l o n i a l animal as the K i t t i w a k e . 
Complications are l i k e l y to be afforded by the r e l a t i o n s h i p s 
between parents and t h e i r o f f s p r i n g , and between a d u l t s and 
other c o n s p e c i f i c s . 
For i n s t a n c e B u t t e r f i e l d (1970) has studied the 
p a i r bond i n the Zebra F i n c h , which p a i r s f o r l i f e , u s i n g 
operant techniques. She found that although the mate 
provided the highest r e i n f o r c i n g e f f i c a c y , other members of 
the group a l s o appeared to have some r e i n f o r c i n g v a l u e . 
Thus the e f f e c t s of sexual motivation by the mate, i n v o l v i n g 
c o u r t s h i p and consummation, may be combined with s o c i a l 
motivation provided by the mate and other c o n s p e c i f i c s . 
I t seems l i k e l y that i n the s o c i a l K i t t i w a k e , neighbours 
and other members of the breeding colony exert a considerable 
e f f e c t upon an i n d i v i d u a l , i n a d d i t i o n to e f f e c t s induced by 
i t s mate. 
Any p a i r bond fu n c t i o n s to promote reproductive 
success by enhancing sexual tendencies and r e p r e s s i n g aggressive 
ones. In a d d i t i o n , bonds maintained over s u c c e s s i v e breeding 
seasons may produce a p r o g r e s s i v e improvement i n performance. 
A strong n e s t - s i t e and mate t e n a c i t y develops i n l o n g - l i v e d 
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s e a b i r d s p e c i e s such as the Kittiwake G u l l , penguins (Richdale 
1957) and aLbatrosses (Richdale & Warham 1973) where breeding 
a s s o c i a t i o n s may l a s t f or up to 15 y e a r s . 
In the K i t t i w a k e , Coulson (1966a) has shown that 
i t i s the r e t e n t i o n of the mate r a t h e r than a c t u a l age which 
l e a d s to older i n d i v i d u a l s breeding e a r l i e r and with greater 
s u c c e s s . Indeed a change of mate may have a prolonged and 
d i r e c t l y depressive e f f e c t upon breeding success even two 
ye a r s a f t e r the change has taken p l a c e . 
I n other s e a b i r d s , older parents have been shown 
to be more e f f i c i e n t than younger ones (Richdale 1957, 
Nelson 1964) but such older b i r d s have u s u a l l y bred p r e v i o u s l y . 
Only i n the White Stork ( C i c o n i a c i c o n i a ) has i t been shown 
( i n Lack 1966) that age may have some e f f e c t on breeding 
performance i n a d d i t i o n to any previous experience. 
I n primates and other mammals, experienced animals 
u s u a l l y e x h i b i t g reater maternal care than primiparous ones. 
However i t i s not known whether t h i s i s due to age per se, 
to e x p e r i e n t i a l f a c t o r s , or to the animal having been through 
the endocrine changes a s s o c i a t e d with breeding. 
A i n l e y & S c h l a t t e r (1972) showed that while adult 
Ad/lie Penguins were able by 3 - 4 years old to feed themselves 
and t h e i r young, they r a i s e d i n c r e a s i n g l y more and heav i e r 
c h i c k s up to 6 years of age. I n addition they found that 
previous breeding experience d i d not i n c r e a s e the a b i l i t y of 
b i r d s to r a i s e h e a v i e r c h i c k s . T h i s l e d them to suggest that 
as the b i r d s aged, t h e i r improved a b i l i t y to r a i s e f l e d g l i n g s 
was due to accumulated experience a t sea r a t h e r than to 
experience with mates, c h i c k s and eggs during breeding. 
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I n the Kl t t i w a k e , chick m o r t a l i t y i s low, a d u l t s 
r e q u i r e only a short period each day to acquire food, and parents 
have l i t t l e d i f f i c u l t y i n feeding t h e i r young - even when one 
parent has to do so alone. The s p e c i e s i s expanding r a p i d l y , 
l i k e some other s e a b i r d s p e c i e s , and i t seems l i k e l y that food 
i s r e a d i l y a v a i l a b l e during the breeding season, even to 
inexperienced breeders. 
Indeed the f a i l u r e of these l a t t e r i n d i v i d u a l s takes 
p l a c e during the incubation of t h e i r eggs and they are as 
s u c c e s s f u l as older parents i n r a i s i n g young (Coulson 1966a). 
T h i s s i t u a t i o n has a l s o been found i n the Gannet (Nelson 1964). 
Predation pressure on the K i t t i w a k e i s v i r t u a l l y absent and 
i n f e r t i l i t y i s l i k e l y to be about the 6 - 7 % suggested f or 
the Herring G u l l and the Gannet (Baerends & Drent 1970). 
I t t h e r e f o r e seems l i k e l y that the poorer reproductive 
success of younger b i r d s r e s u l t s from t h e i r i n a b i l i t y to co-
ordinate t h e i r breeding a c t i v i t i e s , e s p e c i a l l y during i n c u b a t i o n . 
S i n c e 80 % of females breeding for the f i r s t time do so with 
s i m i l a r l y inexperienced males (Coulson 1966a) i t i s har d l y 
s u r p r i s i n g t h a t i n t e g r a t i o n among these i n d i v i d u a l s i s l e s s 
e f f i c i e n t . 
However the p a i r bond i s a r e c i p r o c a l arrangement 
and through l e a r n i n g processes the r e l a t i o n s h i p may w e l l be 
modified and indeed s p e c i a l i s e d during the years t h a t i t 
continues. Thus although young b i r d s l a c k the experience 
of older ones, they may compensate f o r t h i s i n p a r t by having 
g r e a t e r behavioural f l e x i b i l i t y i n adapting to a new p a r t n e r . 
One i n t e r e s t i n g feature to emerge from t h i s study 
128 
i s the very considerable way i n which one member of a p a i r can 
compensate f o r the f a i l i n g s of i t s mate. Among the admittedly 
few cases considered, the male appeared to be more prone to f a i l 
i n h i s breeding d u t i e s . Since only i n t e r a c t i o n s a t the breeding 
colony were examined, i t i s always p o s s i b l e that they were only 
the consequences of i n t e r a c t i o n s elsewhere. I t i s thought 
u n l i k e l y however that for i n s t a n c e a f a i l u r e to perform 
incubation d u t i e s was r e l a t e d to a d i f f i c u l t y i n f i n d i n g food. 
Such f a i l u r e i s more l i k e l y to be r e l a t e d to a weak l e v e l of 
motivation. 
Despite the marked degree of f l e x i b i l i t y e x h i b i t e d 
w i t h i n the incubation and brooding systems, i n a s p e c i e s l i k e 
the Kittiwake where both sexes contribute almost e q u a l l y towards 
breeding d u t i e s , poor co-ordination between pa r t n e r s w i l l f r e q u e n t l y 
r e s u l t i n f a i l u r e . 
I t has been shown i n t h i s study that the more 
experienced b i r d s r e t u r n to the colony e a r l i e r than others 
and most b i r d s mate with i n d i v i d u a l s of s i m i l a r breeding 
experience. T h i s d i f f e r e n t i a l r e t u r n and mating has a l s o 
been demonstrated i n the Adelie Penguin (LeResche & Sladen 
1970). 
In a slowly-maturing s p e c i e s such as the K i t t i w a k e , 
not a l l i n d i v i d u a l s reach the same stage a t the same time. 
I n the population studied some b i r d s bred f or the f i r s t time 
aged 3, whereas others did not breed u n t i l 7 years o l d . 
Deferred m a t u r i t y and i t s r e l a t i o n s h i p to the dynamics of 
avian s p e c i e s has been widely d i s c u s s e d , and w i l l only be 
d e a l t with b r i e f l y here. 
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Lack (1966) has suggested that breeding imposes a 
s t r a i n on young b i r d s , i n c r e a s i n g t h e i r m o r t a l i t y r a t e , such 
tha t s e l e c t i o n produces a delay i n breeding. I n some s p e c i e s 
of b i r d s , younger i n d i v i d u a l s have been shown to have a l e s s 
e f f i c i e n t foraging a b i l i t y (Orians 1969 f Recher & Recher 1969 t 
Dunn 1972) and t h i s might mean that they f i n d d i f f i c u l t y i n 
f i n d i n g enough food to support themselves and t h e i r young. 
I n a d d i t i o n , younger b i r d s may compensate f o r t h e i r lower 
f i s h i n g success by foraging longer, with a consequent reduction 
i n the time a v a i l a b l e for competing with more experienced b i r d s 
f o r mates and s i t e s a t the colony. 
I n c o n t r a s t Wynne-Edwards (1962) has proposed that 
delayed breeding r e g u l a t e s population s i z e by holding back a 
r e s e r v o i r of p o t e n t i a l l y mature but non-breeding a d u l t s . I n 
c o l o n i a l s e a b i r d s t h i s might be accomplished by conventional 
l i m i t a t i o n of breeding s i t e s . Thus the length of adolescence 
would be i n d i v i d u a l l y v a r i a b l e and governed by s o c i a l competition. 
I n t e r m i t t e n t breeding, which has been encountered 
among the members of the Kittiwake population studied, would 
be due to conventional s o c i a l p r e s s u r e s under the Wynne-Edwards 
model, and he b e l i e v e s that such a scheme could only operate i n 
s p e c i e s such as l o n g - l i v e d s e a b i r d s where m o r t a l i t y r a t e s are 
low. 
I n the North S h i e l d s population, males bred f o r 
the f i r s t time a t an e a r l i e r age than the females. T h i s 
i s the reverse s i t u a t i o n to that found i n the Yellow-eyed 
Penguin (Megadyptes antipodes) where males s t a r t breeding 
on average one year older than females (Richdale 1957)* 
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These d i f f e r e n c e s may r e f l e c t the reproductive loads of the 
sexes i n these s p e c i e s , the one with the heavier t a s k having 
i t s breeding retarded more. 
The r o l e of the female K i t t i w a k e i n forming and 
l a y i n g the eggs imposes an obvious breeding s t r a i n . However 
the male must undertake the major share of s i t e defence as 
w e l l as feeding the female during c o u r t s h i p , and shares with 
her the incubation of the eggs and the feeding of the young. 
I t would be d i f f i c u l t to decide which breeding r o l e demands 
most e f f o r t . 
I n many s e a b i r d s , such as the Kittiwake and the 
Adelie Penguin (LeResche & Sladen 1 9 7 0 ) , young i n d i v i d u a l s 
come to the breeding c o l o n i e s i n the year before they f i r s t 
breed. Frequently they occupy s i t e s , form p a i r s and even 
b u i l d n e s t s , but do not l a y any eggs. T h i s "prospecting" 
experience i s l i k e l y to be an advantageous and even necessary 
prelude to s u c c e s s f u l c o u r t s h i p and breeding. 
I t i s probable t h a t young b i r d s l a c k experience, 
not j u s t i n feeding, but i n other modes of behaviour, and 
are able to explore breeding c o l o n i e s and feeding a r e a s 
during the year before they breed. I n a s p e c i e s with a 
low m o r t a l i t y r a t e i t might be b e t t e r to f o r f e i t a breeding 
attempt when young r a t h e r than endanger a p o t e n t i a l l y long 
and more productive breeding l i f e . However the p h y s i o l o g i c a l 
s t a t e of these young b i r d s i s not known, and i t may be t h a t 
t h e i r gonadal and endocrine development i s inadequate for 
breeding. 
B i r d s are probably more dependent on gonadal 
hormones f o r t h e i r i n t e r a c t i o n p a t t e r n s than mammals, and i n 
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the l a t t e r l e a r n i n g and experience may be of i n c r e a s e d importance. 
I n primates, f o r example, some s o c i a l behaviour may be t r a d i t i o n a l 
and passed on through i n d i v i d u a l and s o c i a l l e a r n i n g processes, so 
that, f o r i n s t a n c e , r o l e s i n a h i e r a r c h y may be t r a n s f e r r e d from 
ageing animals to younger ones. 
Although to be s u c c e s s f u l an i n d i v i d u a l must adapt 
to the behavioural norms of the group i n which i t reproduces 
and s u r v i v e s , w i t h i n any population there i s often a considerable 
degree of behavioural l a b i l i t y . Indeed perhaps the most 
s u r p r i s i n g f i n d i n g of t h i s study was the amount of heterogeneity 
i n behaviour shown by p a i r s and i n d i v i d u a l s w i t h i n the l i m i t s 
of tolerance imposed by the dynamics of the population and the 
ecology of the s p e c i e s . F a c t o r s such as predation and the 
a v a i l a b i l i t y of food and s l e e p i n g and breeding s i t e s probably 
mould these l i m i t s , but w i t h i n them, v a r i a t i o n s i n s o c i a l 
s t r u c t u r e between populations may occur i n the same way as 
i n d i v i d u a l d i f f e r e n c e s w i t h i n a population. 
The adaptations of c l i f f - and ground-nesting g u l l s 
have been d e a l t with e a r l i e r , and primates a l s o show widespread 
l e v e l s of adaptation to f o r e s t , t r e e savannah, grassland and 
a r i d environments. The l a t t e r a l s o show extensive i n t r a -
s p e c i f i c v a r i a t i o n i n t h e i r s o c i a l o r g a n i s a t i o n s r e l a t e d to 
d i f f e r e n c e s i n environment, as exemplified by a r b o r e a l f o r e s t 
primates and those of the savannah. Unrelated primates 
l i v i n g i n s i m i l a r environments may have s i m i l a r s o c i a l systems 
and the avian p a r a l l e l between the K i t t i w a k e and the Gannet 
has a l s o been mentioned e a r l i e r . 
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Since i t was found th a t some inexperienced breeding 
i n d i v i d u a l s i n t e g r a t e d t h e i r a c t i v i t i e s very s u c c e s s f u l l y on 
t h e i r f i r s t attempt, whereas some experienced i n d i v i d u a l s did 
not, i t i s suggested that some measure of c o m p a t i b i l i t y must 
e x i s t between p o t e n t i a l and a c t u a l mates f o r any degree of 
breeding success to be achieved. T h i s i d e a i s c o n s i s t e n t 
with the considerable heterogeneity of i n d i v i d u a l behaviour 
encountered i n the population s t u d i e d . 
I n d i v i d u a l s monitored throughout s e v e r a l consecutive 
years revealed that c o n s i s t e n t l y s u c c e s s f u l b i r d s e x h i b i t e d 
high l e v e l s of a c t i v i t y even i f they had to change mate or s i t e . 
I n p a r t i c u l a r , the l o n g - e s t a b l i s h e d p a i r s showed great s i m i l a r i t y 
i n t h e i r breeding p a t t e r n s i n s u c c e s s i v e y e a r s . Indeed they may 
become so s p e c i a l i s e d t h a t , although experienced, they may have 
d i f f i c u l t y i n a d j u s t i n g t h e i r behaviour to a new mate a f t e r 
s e v e r a l years with a previous p a r t n e r . I t i s obvious that 
much more work w i l l need to be done before such e f f e c t s can 
be separated w i t h i n a r e l a t i v e l y complex p a t t e r n of breeding. 
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SUMMARY 
Some aspects of the breeding biology of the Kittiwake g u l l 
were studied a t a colony n e s t i n g on a r i v e r s i d e b u i l d i n g i n 
North S h i e l d s , Northumberland from 1969 - 1972. T h i s colony 
has been studied s i n c e i t s formation i n 19^9 and s i n c e 1965 
has c o n s i s t e d of about 100 breeding p a i r s . 
B i r d s ringed as young at North S h i e l d s r e t u r n to 
the colony i n the year before they f i r s t breed. Most males 
breed for the f i r s t time at about k - 5 y e a r s old, one year 
e a r l i e r than females. Males hatched from s i t e s i n the centre 
of the colony breed f or the f i r s t time at an e a r l i e r age than 
those from edge s i t e s . 
A technique i s described which was used to monitor 
the attendance and a c t i v i t y of radioisotope-marked members of 
breeding p a i r s a t t h e i r s i t e s . The c h a r a c t e r i s t i c p r o f i l e of 
attendance and a c t i v i t y f o r breeding p a i r s throughout the 
season i s described, and comparisons made between the p r o f i l e s 
of e s t a b l i s h e d and newly-formed p a i r s , and experienced and 
naive b i r d s . 
Older, more experienced breeding i n d i v i d u a l s and 
e s t a b l i s h e d p a i r s showed' higher l e v e l s of a c t i v i t y (and often 
attendance) than l e s s experienced b i r d s . Naive i n d i v i d u a l s 
showed a marked improvement i n t h e i r breeding a c t i v i t y i n 
t h e i r second year together. 
Some inexperienced breeding i n d i v i d u a l s i n t e g r a t e 
t h e i r a c t i v i t i e s very s u c c e s s f u l l y on the f i r s t occasion that 
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they are p a i r e d , whereas some experienced i n d i v i d u a l s do not. 
Ib in suggested that some measure of c o m p a t i b i l i t y may be 
necessary f o r s u c c e s s f u l co-ordination of breeding a c t i v i t i e s . 
Non-breeding p a i r s d i f f e r markedly from breeding 
p a i r s i n t h e i r attendance and a c t i v i t y . Low male a c t i v i t y 
appears to be most fre q u e n t l y the cause of d i s j u n c t i o n i n the 
co-ordination of a breeding p a i r . Some females, although 
unmated, e x h i b i t high attendance at the colony, and, si n c e 
a f t e r a mate change older females change s i t e l e s s often 
than younger ones, i t i s p o s s i b l e that t h e i r behaviour a l t e r s 
w i t h age. 
The f i r s t b i r d s r e t u r n to the colony i n January, 
1^ - 20 weeks before most l a y i n g takes place ( i n mid-May). 
The i n i t i a l l y r a p i d occupation of the colony slows down by 
l a t e February and March. Males and females r e t u r n a t the 
same time. The more experienced breeding i n d i v i d u a l s and 
members of e s t a b l i s h e d p a i r s r e t u r n before the l e s s experienced 
b i r d s (about 3 days e a r l i e r f o r each year of e x p e r i e n c e ) . 
B i r d s r e t u r n i n g l a t e r i n the season change s i t e more often 
than e a r l y a r r i v a l s . 
P r i o r to l a y i n g , the number of b i r d s a t a colony 
b u i l d s up r a p i d l y a f t e r dawn and during the e a r l y morning 
but then slows down. B i r d s continue to a r r i v e a t the colony 
throughout the day, many of them non-breeding b i r d s , and the 
proportion of s i t e s with p a i r s present i n c r e a s e s s t e a d i l y from 
dawn to dusk. 
E a r l y i n the season b i r d s a r r i v e at the colony 
w e l l a f t e r dawn. During February, March and A p r i l they 
a r r i v e j u s t before or a f t e r s u n r i s e . Some p a i r s a r r i v e 
c o n s i s t e n t l y e a r l i e r or l a t e r than o t h e r s . After the young 
have l e f t the colony, the b i r d ' s a r r i v a l s become l a t e r , so 
that by the time they vacate the colony t h e i r a r r i v a l s are 
once more w e l l a f t e r s u n r i s e . Overnight occupation of the 
s i t e only s t a r t s when the p a i r f i r s t come together each season 
and continues u n t i l the l a t t e r h a l f of J u l y . 
A scheme i s proposed whereby the high a c t i v i t y of 
the male before l a y i n g ( c o l l e c t i n g n e s t m a t e r i a l or on a e r i a l 
c i r c u i t s of the colony) l e a d s to many d i s p l a y a r r i v a l s . 
These serve to strengthen the p a i r bond and bring the female 
i n t o ovulatory c o ndition. The Kittiwake c a l l s given a t the 
gr e e t i n g a r r i v a l s appear to show c o n s i s t e n t i n d i v i d u a l i t y and 
may provide a b a s i s for r e c o g n i t i o n of mates and neighbours. 
Breeding p a r t n e r s phase g r a d u a l l y i n t o the shared incubation 
phase by shortening the time taken to change round on the s i t e 
u n t i l i t i s l e s s than one minute. 
From a f l a t nest-base to a cup n e s t takes about 
10 days and from cup completion to the l a y i n g of the f i r s t 
egg i s a f u r t h e r Ik days. Nests destroyed a t t h i s stage 
are r a p i d l y r e p l a c e d . P a i r s l a y i n g e a r l i e r i n the season 
take a short e r time to b u i l d t h e i r n e s t s than l a t e r - l a y i n g 
p a i r s . 
The sexes share the incubation of the eggs, with 
the males taking ^5 % and the females 55 ?£, although some 
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p a i r s show c o n s i s t e n t d i f f e r e n c e s from these proportions. 
The proportions of the shared overnight incubation are the same. 
The eggs are attended f or 99 .7 % of the time - the highest f i g u r e 
so f a r recorded f or any g u l l . 
I f one partner f a i l s to r e t u r n , the s i t t i n g b i r d w i l l 
continue to incubate u n t i l r e l i e v e d . When not r e l i e v e d , a b i r d 
w i l l incubate f o r n e a r l y 3 days before f i r s t l e a v i n g the eggs 
b r i e f l y unprotected. One female incubated 97 % of the 2 weeks 
(and 90 % of the 3 weeks) a f t e r her partner had disappeared* 
While the eggs are being l a i d , the p a r t n e r s a l t e r n a t e 
incubation d u t i e s frequently but t h i s r a t e of changeover r a p i d l y 
f a l l s to two changeovers/day. Some p a i r s show a c o n s i s t e n t l y 
higher r a t e of changeover than others. One changeover occurs 
i n the hour a f t e r dawn and the other i n the l a t e afternoon or 
e a r l y evening. 
B i r d s whose eggs do not hatch continue to incubate 
f o r up to twice the normal period of 27 days. A f t e r hatching, 
the changeover r a t e i n c r e a s e s to about 6 changeovers/day, and 
t h i s r a t e continues to r i s e throughout the brooding of the 
c h i c k s . 
Egg temperature reaches a steady s t a t e about a week 
a f t e r the c l u t c h has been completed. Asynchronous hatching 
of the eggs l e a d s to the f i r s t c h i c k s f o r c i n g the parents up 
o f f any t h i r d egg, which r e c e i v e s incomplete incubation j u s t 
before hatching. 
Single eggs l o s t from c l u t c h e s are not repl a c e d , 
but complete c l u t c h e s l o s t may be replaced a f t e r about 12 days. 
Clutches which have only been incubated f or a few days are more 
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l i k e l y to be replaced than those incubated f or longer. Clutches 
are more frequently and more r a p i d l y replaced e a r l i e r i n the 
season by the more experienced breeding b i r d s . 
Most egg and chic k exchanges are t o l e r a t e d except 
those backwards from advanced c h i c k s . Donated eggs are accepted 
and incubated about 7 days before l a y i n g , and for about 3 days 
a f t e r the eggs have hatched. P a i r s w i l l accept c h i c k s (up to 
3 weeks old) i n place of eggs at any stage of incubation, and 
r a i s e them s u c c e s s f u l l y to f l e d g i n g . 
Successive stages of l a y i n g , incubation and brooding 
are r e l a t e d to one another except f o r a break at the point where 
b i r d s begin steady i n c u b a t i o n . T h i s may r e f l e c t an i n c r e a s e d 
r e l i a n c e on e x t e r n a l , r a t h e r than hormonal, r e g u l a t o r s a f t e r 
t h i s p o i n t . 
Eggs v/ith l a r g e r volumes produce heavier c h i c k s a t 
hatching. No d i f f e r e n c e s have been found i n growth r a t e s 
between e a r l y and l a t e , f i r s t and second, heavy and l i g h t c h i c k s , 
or those from one- and two-chick broods. Parents are able to 
feed and r a i s e two c h i c k s s u c c e s s f u l l y to fledging, even when 
they have to do so alone. T h i s , coupled with a f l e d g i n g success 
of over 87 and t r i a l s with a r t i f i c i a l l y enlarged broods, 
suggests that i t i s p r i n c i p a l l y the small s i z e of the breeding 
s i t e that r e s t r i c t s the brood s i z e , r a t h e r than the i n a b i l i t y 
of parents to feed t h e i r young. 
Afte r the c h i c k s have hatched there i s a post-breeding 
resurgence of sexual and t e r r i t o r i a l a c t i v i t y . I t i s suggested 
t h a t the l e s s e r detrimental e f f e c t of a mate change due to "d i v o r c e " 
r a t h e r than "bereavement" may be due to the changes ta k i n g place 
a t d i f f e r e n t times i n the year. 
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I n any one year most p a i r s f i r s t leave t h e i r s i t e s 
vacant overnight at the same time. T h i s means that experienced 
breeding p a i r s , which l a y e a r l i e r i n the year, spend more n i g h t s 
on the s i t e with t h e i r c h i c k s . Experienced breeding i n d i v i d u a l s 
and members of e s t a b l i s h e d p a i r s remain at the colony u n t i l l a t e r 
i n the season than l e s s experienced b i r d s . 
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APPENDIX 2. Weekly attendance and a c t i v i t y of members of 
radioisotope-monitored p a i r s 
A l l values have been c a l c u l a t e d for weekly periods before and 
a f t e r the date on which the f i r s t egg was l a i d . ^he attendance 
f i g u r e s represent the percentage of the week that the i n d i v i d u a l 
(or the p a i r ) was present on the s i t e , or the percentage of the 
week that the s i t e was l e f t empty. The attendances of males 
and females included t h e i r attendances as members of the p a i r . 
A l l a c t i v i t y f i g u r e s are the number of v i s i t s to the 
s i t e during the weekly period, or, i n the case of the p a i r , 
i t i s the number of times per week that the p a i r came together 
on the s i t e . 
The f ollowing symbols are used i n the t a b l e s : 
* i n d i c a t e s a value of l e s s than 1 % attendance 
** i n d i c a t e s that the p a i r f a i l e d to hatch t h e i r eggs 
*** shows tha t one partner disappeared during the 
breeding season 
****** i n d i c a t e s the date on which the f i r s t egg was l a i d 
- i s used to show that the s i t e was not monitored 
during the week i n d i c a t e d , or that the i n d i v i d u a l 
was not marked with a radioisotope l e g band 
Only 21 p a i r - y e a r s are included i n t h i s Appendix. The remaining 
p a i r (W1H/W2I i n 1972) i s d e a l t with i n more d e t a i l i n Appendix 4, 
and t h e i r attendance and a c t i v i t y data i s l i s t e d i n Tables 12 and 
13 i n Appendix 4 . 
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Male attendance : 
Weeks before and 
a f t e r l a y i n g W1F W1F W1E W1E W1E WIG WIG WIG SICt W1H 
68 69 70 71 72 68 69 70 72 71 
19 - - - - Q - — _ — _ 
18 - - - 0 0 - - 0 - — 
17 - - - 0 1 - - 0 - -
16 - - - 12 5 - - 0 - -
15 - 19 - 57 20 — 0 — _ 
Ik - 31 - 3k 6 - — Ik - -
13 - 78 - 22 ko — 3 60 _ -
12 - 89 — 18 71 — 28 80 — — 
11 - 88 - 36 63 - 23 73 — -
10 - 75 - 51 68 - * 70 - -
9 - 8k 68 55 56 - 15 65 — -
8 — 18 75 48 8k — 3 79 — — 
7 - 23 k2 k7 kl - 1 64 - -
6 - 17 53 3k 45 - l Sk - -
5 - 21 39 37 60 - 22 58 - -
72 36 35 52 54 - 11 k8 - -
3 80 71 36 kl 33 - 28 ko - — 
2 76 55 26 ko 38 - 22 3k - -
1 63 67 29 33 30 - 35 kk - -******* 
1 50 k9 34 28 kk - 32 3k 39 -
2 56 50 38 kl 50 - 22 kk kk 5k 
3 56 51 37 32 53 39 Ik 37 31 59 
54 60 32 38 kk 37 k2 7 39 53 
5 3k 5^ - 39 kl k2 Ik 0 kl 56 
6 55 58 36 43 57 29 30 0 45 5 k 
7 61 50 ko k5 5k 19 36 0 kl 39 
8 61 k9 36 30 35 20 2k 0 46 2k 
9 29 33 26 30 25 2 1 0 46 kk 
10 23 2k 20 26 16 1 7 0 32 36 
11 29 18 26 33 7 1 8 0 25 32 
12 2k 58 32 3k 6 0 2 0 6 16 
13 - 52 9 10 8 - 0 0 32 8 
14 26 29 0 9 3 - 0 0 32 7 
15 1 35 0 2 0 - 0 0 13 3 
16 — 10 0 • 0 — 0 0 2 2 
17 - 6 0 0 0 — G 0 k 0 
18 - 1 0 1 0 - 0 0 1 5 
19 - — 0 0 0 - 0 0 6 1 
20 - 3 0 0 - - - 0 8 2 
21 - 0 0 0 - - 0 3 
22 _ 0 — 0 _ _ - - 1 1 
23 - - - - - - - - 0 0 
2k - - — - - - - - 0 -
* • • * • * * 
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Male attendance (Contd.) 
Weeks WID WID WID E1D E1D E1D W1B W1B W1B W1B VJ1B 
70 71 72 69 70 71 68 69 70 71 72 
19 _ _ _ _ mm _ _ _ _ _ 0 
18 - - 0 - - - - - - - 0 
17 - 0 0 - - 1 - - - - 0 
16 - 0 0 - 0 16 - - - 0 0 
15 — 0 0 - 0 25 - _ - 0 0 14 - 0 0 - 0 46 - - - 0 0 
13 - 0 0 - 13 81 - - - 0 0 
12 - • 0 - 47 51 - _ - 0 0 11 - 0 0 - 45 14 - - - 0 0 
10 - 2 0 - 53 35 - - - 0 74 
9 - * 0 - 50 51 - - - • 78 
8 - 0 0 - 80 32 - - - 33 73 
7 - 14 0 - 76 54 - - • 48 59 
6 - 57 48 — 81 42 - _ *• 54 59 
5 _ 64 69 - 68 44 - - * 49 48 
4 _ 45 48 - 62 44 - 40 35 50 3 _ 55 70 _ 61 51 65 - 83 37 42 
2 - 48 61 - 57 46 62 - 59 38 68 
1 - 49 55 - 48 34 60 - 35 31 66 * * * * * * * 
1 54 42 57 _ 49 61 _ 54 32 55 
2 45 51 58 - 49 46 58 46 42 50 57 
3 59 43 51 75 43 46 49 56 56 56 53 
4 ^3 46 42 57 51 40 - 43 52 59 51 
5 41 46 43 64 46 49 55 48 56 45 49 
6 — 45 48 60 40 9 51 51 54 54 48 
7 - 38 47 43 36 0 52 36 43 44 32 
8 51 48 52 34 45 0 44 47 32 44 8 
9 26 40 34 41 44 0 18 40 29 39 13 
10 51 24 19 26 53 0 13 - 33 46 5 
11 52 32 2 11 53 0 25 MM 28 29 6 
12 46 31 2 8 45 0 7 — 34 57 3 
13 ^3 16 46 7 31 0 0 - 46 53 0 
14 32 16 29 2 34 0 — 0 27 30 0 
15 13 18 4 6 21 0 - 0 28 8 0 
16 9 11 3 1 15 0 - 0 3 * 0 
17 1 9 4 3 8 0 - 0 0 0 0 
18 3 10 1 * 3 0 - 0 0 0 0 
19 * — 1 • 4 0 — - 0 0 0 20 - - 0 * 2 - - - - 0 -
21 - - - 0 0 - - - - - -
22 - - - 0 0 - - - - - -23 - - - 0 0 - - - - - -
* * * * * 
Male a c t i v i t y 
Weeks before W1F W1F W1E W1E W1E WIG WIG WIG S1CT W1H 
and a f t e r 
l a y i n g 68 69 70 71 72 68 69 70 72 71 
19 _ _ _ 0 _ _ 
18 - - - 0 0 - — 0 — -
17 - - — 0 2 — _ 0 — — 
16 - - - 6 4 - _ 0 _ -
15 - 22 - 30 8 - - 0 - _ 
14 - 36 - 27 4 - - 4 - -
13 - 43 - 21 24 — 2 21 — _ 
12 - 51 - 14 38 - 14 22 - -
11 - 43 — 20 22 - 13 45 - -
10 - 52 - 25 14 - 3 35 - -
9 — 49 60 50 17 - 17 40 - -
8 - 33 105 52 3 - 15 58 - -
7 - 97 45 54 13 — 12 29 mm -
6 - 59 36 51 18 - 3 52 — -
5 - 68 47 47 10 - 16 48 - -
4 52 63 24 90 27 — 35 22 - -
3 91 91 3k 126 23 - 16 kl - -
2 93 105 51 120 48 - 20 38 - -
1 86 110 68 99 95 - 26 59 - -
1 29 46 20 78 25 16 28 46 9 
2 24 25 4 13 4 — 4 9 6 12 
3 27 17 5 10 4 4. 3 8 7 41 
2k 21 35 9 4 3 6 5 8 18 
5 58 34 - 9 15 19 2 5 13 33 
6 kk 71 30 1 13 17 11 0 13 34 
7 k9 55 32 5 19 17 15 0 27 127 
8 58 67 39 58 54 19 18 0 36 75 
9 86 88 70 41 48 21 1 0 26 37 
10 109 145 75 44 40 0 7 0 40 28 
11 110 103 97 25 33 0 12. 0 93 65 
12 59 58 31 16 33 0 2 0 13 36 
13 - 31 5 10 3 — 0 0 22 11 
14 2k 16 0 6 2 — 0 0 31 7 
15 2 13 0 5 0 - 0 0 15 3 
16 - 17 0 1 0 — 0 0 2 7 
17 — 11 0 0 0 - 0 0 11 0 
18 - 3 0 1 0 — 0 0 2 6 
19 - 0 0 0 - 0 0 20 3 
20 - 6 0 0 — — - - 19 2 
21 - 0 0 0 - - — - 27 8 
22 — 0 - 0 - — - — 4 3 
23 0 0 
2k 0 — 
* * 
Male a c t i v i t y (Contd.) 
Weeks V/lD V/lD W1D E1D E1D E1D W1B W1B W1B W1B W1B 
70 71 72 69 70 71 68 69 70 71 72 
19 0 
18 - - 0 - - - - - - - 0 
17 - 0 0 - - 5 - - - - 0 
16 — 0 0 - 0 21 - mm - 0 0 
15 — 0 0 - 0 66 - - — 0 0 
14 - 0 0 - 0 31 - - - 0 0 
13 - 0 0 - 59 35 - - 0 0 
12 - 2 0 — 129 21 — - - 0 0 
11 - 0 0 — 119 6 - - - 0 0 
10 — 7 0 mm 74 26 - — — 0 15 
9 - 0 - 78 23 - - - 1 26 
8 — 0 0 - 82 31 - - - 21 32 
7 — 2 0 — 24 16 - - 1 31 16 
6 - 56 17 mm 23 22 - - 2 37 17 
5 - 50 29 — 56 26 - - 4 69 12 
if — 108 52 - 63 36 - — 34 26 58 
3 - 58 44 - 56 33 45 - 49 65 52 
2 - 69 66 - 50 30 76 - 80 55 48 
1 - 61 81 - 95 73 83 — 85 99 114 ******* 
1 40 30 25 — 41 45 34 - 47 45 54 
2 12 8 4 - 10 13 12 13 12 1 12 
3 3 7 1 7 11 17 15 7 8 1 3 - 3 5 11 6 8 - 2 6 7 1 
5 13 14 14 6 18 30 19 8 15 13 15 
6 - 14 17 8 37 7 25 21 22 15 12 
7 - 14 20 13 41 0 43 19 30 18 41 
8 23 14 21 33 45 0 79 29 45 17 23 
9 23 16 34 70 44 0 66 27 64 38 34 
10 23 15 26 91 21 0 30 - 75 27 22 
11 33 19 18 81 50 0 30 - 49 53 27 
12 55 15 28 39 48 0 9 - 18 27 27 
13 53 12 16 19 51 0 0 - 37 24 0 
14 33 9 9 36 42 0 - 0 30 13 0 
15 7 12 2 7 19 0 - 0 27 5 0 
16 4 8 2 22 7 0 - 0 2 1 0 
17 1 11 4 6 14 0 - 0 0 0 0 
18 1 14 2 2 2 0 - 0 0 0 0 
19 3 - 1 6 5 0 - - 0 0 0 
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Female attendance ,.. . , • — b i t e and year 
Weeks before W1F W1F W1E W1E. W1E WIG WIG WIG S1CT W1H 
and a f t e r 
l a y i n g 68 69 70 71 72 68 69 70 72 71 
18 _ 9 _ 0 — 
17 - — - 8 - - - 0 - -
16 - - - 30 - - — 3 - -
15 - 19 - 80 - - - 19 - -
14 - 21 - 49 - — 24 — 
13 - 58 - 43 — — 75 50 - -
12 a*- 7k - 34 - - 68 75 - — 
11 - 6k - 51 - - 72 82 - -
10 - 75 96 67 - - 64 73 - -
9 - 66 71 56 - - 10 73 - — 
8 - 16 84 75 61 - 23 81 - -
7 - 22 90 58 70 - 23 62 mm -
6 - 17 92 85 76 - 17 74 - -
5 — 21 80 53 59 - 46 63 - -
4 53 31 57 74 60 mm 76 60 - -
3 37 69 68 71 75 - 48 71 - — 
2 69 70 83 77 68 - 78 66 - -
1 56 68 84 88 83 - 82 79 mm 
******* 
1 51 5k 67 82 58 — 68 67 65 44 
2 45 52 62 61 50 - 79 57 56 46 
3 45 51 64 68 47 61 79 64 69 47 
4 48 41 67 62 56 63 59 93 62 49 
5 k7 k7 - 61 53 58 85 98 59 54 
6 k7 k7 66 57 43 71 42 85 55 47 
7 kl 53 58 55 46 67 30 9 59 53 
8 33 53 68 60 31 36 41 * 52 63 
9 23 58 69 65 48 5 31 3 53 54 
10 16 k6 55 71 36 9 37 1 42 43 
11 11 20 42 52 17 9 19 * 42 43 
12 11 26 45 40 22 • 9 1 53 30 
13 - Ik 23 4l 26 - 0 5 45 28 
14 7 37 6 36 32 - 0 3 30 16 
15 0 36 0 36 .2 - 0 5 24 23 
16 - 17 0 30 0 - 0 1 3 8 
17 - 2k . 0 20 * - 0 • 4 19 
18 - 11 0 4 0 - 0 0 7 5 
19 - — 0 20 0 mm 0 - 4 6 
20 - 12 0 10 - - - - 5 5 
21 — 0 0 9 - - - - 0 7 
22 — 0 — 0 - - - - 0 1 
23 - - - - — - - - 0 0 
2k _ — — — — — _ — 0 0 
• * * * * 
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Female attendance (Contd.) 
Site and year 
Week W1D V/1D W1D E1D E1D E1D W1B W1B VflB W1B W1B 
70 71 72 69 70 71 68 69 70 71 72 
18 0 — 
17 - - 0 _ - 4 _ 0 _ 
16 - - 0 - - 24 — _ 0 0 
15 - - 0 - - 32 - 0 0 
14 - - 0 - - 68 - _ 0 0 _ 
13 - - 0 - - 84 - _ 0 0 
12 - - 0 - - 43 - - * 0 _ 
11 - - 0 — _ 10 _ 0 0 
10 - - 0 - - 40 - _ 1 0 _ 
9 - - 0 - - 42 - _ 0 0 _ 
8 - 0 - - 3^ - - 0 7 — 
7 0 - 82 53 - - 6 46 _ 
6 - - 35 - 85 56 - - 4 3^ -
5 - - 39 - 79 69 - — 1 45 -
4 - - 3^ — 76 56 - - 64 65 -
3 - - 51 - 72 78 65 — 46 3^ 32 
2 - - 53 - 69 75 61 - 51 56 46 
1 - - 64 - 90 90 73 — 75 78 58 
*-* * * * * 
1 — 59 47 - 70 71 41 9^ 69 48 
2 — 49 42 - 51 54 3^ 54 59 50 45 
3 - 57 49 25 57 53 51 44 44 ^5 47 
4 - 55 58 43 49 61 - 57 49 41 49 
5 — 54 57 36 55 53 ^5 52 5^ 55 52 
6 - 55 53 40 63 90 9^ h9 46 47 3h 
7 — 62 56 44 68 83 ^5 64 46 56 52 
8 - 53 46 38 59 55 * J 53 50 56 28 
9 - 56 23 *5 61 55 30 60 52 53 31 
10 — 48 16 55 50 51 16 - 40 33 16 
11 - 39 3 44 50 55 4 - 32 38 5 
12 - 37 5 63 46 30 2 - 44 44 11 
13 — 22 9 37 57 20 0 _ 30 27 23 14 - 19 13 47 48 4 - 0 7 18 14 
15 - 9 11 6 22 0 — 0 16 30 6 
16 - 8 3 10 14 0 — 0 0 4 1 
17 - 7 1 7 6 0 — 0 0 0 0 
18 9 *• 14 0 0 - 0 0 0 0 
19 - — 0 3 1 0 — -< 0 0 0 
20 mm 0 1 0 — - — - 0 _ 
21 - — - 0 0 — — — _ _ 
22 - — — 0 0 — - - — — _ 
23 
* * 
— - 0 
* * 
0 
* * • 
— — — — -
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Female a c t i v i t y 
S i t e and year 
Weeks before W1F W1F WIE WIE WIE WIG WIG WIG S1CT W1H 
and a f t e r -
l a y i n g 68 69 70 71 72 68 69 70 72 71 
18 _ 25 0 
17 - - - kk - _ _ 0 
16 - - mm 48 - mm - 23 _ — 
15 - 15 - 41 - - - 109 - -
14 - 17 — 32 - - mm- 145 — -
13 - 20 - k3 - - 51 119 - -
12 mm 32 - 29 - - 26 13k _ — 
11 - 36 - 20 - 42 78 - -
10 - 30 29 25 - - 55 106 - -
9 - 33 30 20 - - 36 86 -
8 - 16 23 28 16 — 67 80 _ -
7 - 80 15 21 12 - 55 70 mm- — 
6 - 58 19 23 7 - 63 88 - -
5 mm 55 20 47 9 - 50 67 - -
4 23 62 Ik 33 10 - 42 58 - -
3 21 39 16 27 19 — 41 88 - — 
2 28 32 22 3k 23 - 48 76 - -
1 58 39 18 39 53 - k3 87 - -
* * * * * * * * * 
1 28 39 18 21 14 - 6 27 23 11 
2 31 17 3 13 3 - 4 3 3 9 
3 11 10 k 0 0 4 10 0 0 8 
25 16 7 1 1 -• 5 6 2 6 
5 32 k3 mm 0 11 19 5 20 16 21 
6 36 k9 18 5 14 10 50 44 13 16 
7 60 kk 27 8 15 32 48 14 37 53 
8 ko 37 21 21 • 14 41 72 2 56 58 
9 k3 52 k6 44. 25 82 80 8 37 31 
10 3k. 9k 83 57 54 65 71 3 83 20 
11 48 88 81 46 48 19 63 1 146 28 
12 18 33 11 27 40 23 25 3 125 64 
13 - 1-3 Ik 25 15 - 0 6 87 9^ 
14 18 12 3 20 7 - 0 11 46 14 
15 0 18 0 26 1 - 0 21 36 22 
16 - 13 0 27 0 — 0 4 7 18 
17 - 23 0 16 1 - 0 5 17 23 
18 7 0 6 0 - 0 0 26 6 
19 - 0 28 0 - 0 - 19 14 
20 — 8 0 14 — - — - 18 11 
21 - 0 0 12 - - - mm- 0 17 
22 — 0 - 0 - - - — 0 3 
23 - - - — - - mm - 0 0 
2k — - — — - - - - 0 -
* * • * * * * 
Female a c t i v i t y (Contd.) 
Weeks W1D W1D W1D E1D E1D 
70 71 72 69 70 
18 _ 0 _ 
17 - - 0 - -
16 - - 0 - -
15 - - 0 mm -
Ik - 0 - — 
13 - - 0 - mm 
12 - - 0 mm -
11 - - 0 - — 
10 - mm 0 - -
9 - - 0 - mm 
8 - - 0 - -
7 — — 0 - 19 
6 -• - 18 - 18 
5 - - 27 - 31 - - 20 - 32 
3 - — 35 - 17 
2 — - k6 - Ik 
1 — - 20 - 9 
******* 
1 - 9 17 - 19 
2 - 3 12 - l*f 
3 - 8 6 9 5 - 1 k 8 12 
5 — 17 10 6 17 
6 - Ik 18 9 27 
7 — 10 Ik 21 28 
8 - 17 2k 29 3k 
9 - 21 39 50 30 
10 - 32 56 kl 28 
11 — 52 kk 33 k2 
12 - 22 Sk k2 kl 
13 - 27 11 35 37 
Ik — 23 12 30 37 
15 - 9 12 8 17 
16 - 15 7 12 11 
17 - 17 2 6 11 
18 - l.k 2 11 0 
19 — — 0 3 k 
20 — - 0 1 0 
21 - - — 0 0 
22 - — - 0 0 
23 - - — 0 0 
* * ** 
21D W1B W1B W1B W1B V/1B 
71 68 69 70 71 72 
k : - 0 - — 
20 _ _ 0 0 — 
k2 - - 0 0 -
33 — 0 0 — 
2k — 0 0 _ 
12 - - 1 0 -
9 - - 0 0 -
12 _ mm 1 0 — 
18 - 0 0 -
27 - — 0 2 -
8 mm — 11 19 -
19 - - Ik 18 -
20 - - 8 23 -
26 mm mm 32 13 -
25 22 - 31 19 31 
23 30 — 30 20 39 
21 2k - 17 13 ^9 
17 28 23 8 
Ik 10 8 9 1 12 
9 8 k 7 5 6 
3 - 1 2 k 5 
29 21 8 18 10 Ik 
2k 22 21 17 18 18 
70 21 19 21 17 26 
38 36 25 2k Ik 56 
33 39 26 25 30 57 
28 33 - kk 36 61 
30 5 - ke k8 71 
66 2: — 37 22 56 
29 0 — 32 15 21 
Ik 1 0 5 8 Ik 
0 - 0 7 Ik 3 
0 - 0 0 5 1 
0 — 0 0 0 0 
0 - 0 0 0 0 
0 - - 0 0 0 0 
+ * * 
- - - - -
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Pai r attendance 
Site and year 
Weeks before 
and a f t e r W1F W1F W1E W1E W1E WIG WIG WIG S1CT V/1H 
l a y i n g 68 69 70 71 72 68 69 70 72 71 
18 _ _ _ 0 0 
17 — - - 0 - - - 0 — -
16 - - - 10 - - - 0 — 
15 - 12 - 53 - - - 0 - -
14 - 15 - 29 - - - 2 — _ 
13 - 47 - 19 - - 2 30 - -
12 - 65 - 13 - - 17 61 — -
11 - 54 - 26 — — 16 64 _ — 
10 - 57 - 22 - - • 59 - — 
9 - 52 41 18 - - 4 54 - -
8 - 13 59 37 45 - 3 68 - -
7 - 14 38 43 22 - 1 36 - -
6 - 10 47 32 25 - 1 43 - — 
5 - 12 31 31 19 mm- 13 28 - -
4 25 21 32 4J 14 - 8 19 - -
3 19 44 16 28 8 — 10 23 - -
2 44 26 9 20 6 - 10 9 - -
1 20 35 13 21 13 - 22 27 - -
* * * * * * * * * 
1 2 3 1 11 1 - * 2 4 — 
2 1 1 * 3 * - * • • • 
3 1 * • * * * * * • 6 
4 1 1 *• * * * * * 1 2 
5 2 1 - • * 1 * • * 1 
6 2 3 1 * * * 1 0 * 1 
7 2 2 1 • 1 * 10 0 1 5 
8 2 4 5 2 1 • 11 0 2 5 
9 * 3 2 6 * 0 * 0 6 9 
10 3 7 4 11 1 0 2 0 4 2 
11 4 6 18 11 3 0 2 0 6 5 
12 6 11 22 17 3 0 1 0 1 3 
13 - 4 * 6 4 - 0 0 16 2 
14 7 14 0 5 0 - 0 0 13 4 
15 0 21 0 2 0 - 0 0 6 2 
16 - 2 0 * 0 - 0 0 0 1 
17 - 4 0 0 0 - 0 0 l 0 
18 - 1 0 0 0 - 0 0 0 * 
19 - - 0 0 0 mm 0 0 2 • 20 - 3 0 0 - - - - 3 0 
21 - 0 0 0 - - - - 0 1 
22 - 0 - 0 - - - - 0 1 
23 - — — — - - - - 0 0 
24 _ - - _ — - - - 0 -
* • * * * 
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Pair attendance (Contd,) 
Weeks WlD WlD WlD E1D E1D E1D W1B W1B W1B W1B W1B. 
70 71 72 69 70 71 68 69 70 71 72 
18 _ _ 0 _ _ mm- _ _ 
17 — - 0 - - 1 - - - - -
16 - - 0 - — 13 - - -• 0 -
15 - - 0 - - 20 - - - 0 -14 - - 0 - - 43 - - - 0 -
13 - - 0 - - 73 mm - - 0 -
12 - - 0 - - 31 - - - 0 -
11 - - 0 - - 9 mm - - 0 -
10 - - 0 - - 23 - - - 0 -
9 - - 0 — - 29 - - - 0 -
8 - — 0 - - 22 - - - 6 -
7 - - 0 mm- 59 21 - - * 33 -
6 - - 29 - 66 38 - - • 24 -5 - - 19 - 53 19 - — 0 21 -4 — - 4 40 15 - - 25 5 -
3 - - 22 - 37 28 30 - 35 10 11 
2 - — 15 - 26 21 24 - 19 9 42 
1 - - 19 - 37 24 33 - 15 8 44 
* * * * * * 
1 _ * 5 - 19 16 2 _ 4 1 14 
Z _ * * _ * * • * 1 • 1 
3 - * * • * *• * * * * • 4 * * * * * - * • * * 5 _ * * * * 2 1 * 1 * 1 
6 _ * 1 * 2 « 1 * 1 * 2 
7 — * 4 1 5 0 • * 1 * 1 
8 _ 1 1 4 4 0 1 * 2 * 1 
9 _ 1 * 6 5 0 * * 11 2 1 10 — 1 1. 5 3 0 • - 5 2 * 11 — 6 * 4 6 0 0 - 8 3 * 
12 - 5 • 1 9 0 * - 17 10 0 
13 - 4 3 2 15 0 0 - 20 7 0 14 _ 3 3 1 18 0 - 0 2 7 0 
15 - 1 2 • 9 0 - 0 13 3 0 
16 - 1 0 1 1 e - 0 0 0 0 
17 _ 1 0 * 2 0 - 0 0 0 0 
18 - 3 0 2 0 0 - 0 0 0 0 
19 - — 0 0 0 0 - - 0 0 0 
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Pair a c t i v i t y 
Weeks before 
and a f t e r W1F W1F WIE 
Site and 
WIE WIE 
year 
WIG WIG WIG S1CT W1H 
l a y i n g 68 69 70 71 72 68 69 70 72 71 
18 _ _ 0 M 0 
17 _ _ — 0 - mm _ 0 mm _ 
16 - - - 24 - mm _ 0 — _ 
15 - 20 - 54 - — - 0 - _ 
14 - 27 - k3 - - mm 11 ... -
13 - 31 - 41 - - 3 75 - -
12 - 63 - 28 - 20 120 - — 
11 - 59 - 35 mm - 13 93 - -
10 - 52 - k3 - - 3 75 - -
9 - 65 86 73 - - 9 71 - -
8 - 20 119 72 24 - 16 107 - -
7 - 66 57 67 25 - 9 60 mm -
6 - 37 54 69 27 - 2 93 - -
5 - k2 59 70 23 - 21 82 - -
61 kl 36 117 k3 - 39 48 - -
3 8k 106 47 153 58 - 35 75 - -
2 121 123 78 160 76 _ k3 67 _ _ 
1 Ikk 147 89 1*3 153 - 56 13* - -
* * * * * * * 
1 56 85 k3 104 46 - 27 56 74 -
2 51 42 14 22 14 - 6 25 16 25 
3 3k 28 16 17 11 12 6 16 14 56 
k8 37 17 16 12 4 13 7 17 31 
5 89 77 - 16 33 35 4 5 35 59 
6 77 118 50 13 3k 26 22 0 35 56 
7 103 96 46 20 39 13 26 0 59 138 
8 56 91 k3 68 33 5 24 0 64 85 
9 30 82 57 56 25 0 2 0 37 64 
10 19 80 58 65 19 0 10 0 25 36 
11 27 26 87 39 10 0 20 0 16 53 
12 12 26 22 22 9 0 2 0 7 28 
13 - 8 2 12 2 - 0 0 24 12 
Ik 11 8 0 6 0 - 0 0 31 6 
15 0 17 0 2 0 - 0 0 18 3 
16 - 7 0 1 0 — 0 0 0 3 
17 - 7 0 0 0 - 0 0 6 0 
18 - 3 0 0 0 - 0 0 0 2 
19 - - 0 0 0 - 0 0 9 1 
20 - 6 0 0 - - - - 12 0 
21 - 0 0 0 - - - - 0 4 
22 - 0 _ 0 - — - - 0 3 
23 - - -• -• — — - - 0 0 
2k - - - - - - - - 0 -
* * * • * 
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Pair a c t i v i t y (Contd.) 
Weeks W1D V/1D V/1D E1D E1D E1D W1B W1B W1B W1B W1B 
70 71 72 69 70 71 68 69 70 71 72 
18 0 
17 - - 0 - . - 5 - — _ - — 
16 - - 0 - - 23 - - - 0 -
15 - - 0 - - 105 - - - 0 mm 
Ik - - 0 - - 5k - - - 0 — 
13 - — 0 - - 56 - - - 0 -
12 - - 0 - - 25 - - - 0 -
11 - - 0 - — 12 - - - 0 -
10 - — 0 - - 26 - - - 0 -
9 _ — 0 - - 37 - - - 0 -
8 - 0 _ kZ _ _- _ Ik — 
7 mm — 0 — kS 23 — — 1 k2 -
6 - - 31 - ko 35 - - 1 k9 -
5 - - 56 • a &k 50 - - 0 83 -*f mm - 72 - 96 62 - - 55 38 -
3 - - 85 - 76 65 72 - 72 70 57 
2 - - nk - 70 60 108 - 103 68 77 
1 - - 107 - 110 96 nk - 105 115 1^ 5 
****** 
1 _ 30 50 - 66 67 69 - 76 61 79 
2 - 17 23 - 31 33 27 29 26 9 30 
3 - 19 Ik 17 26 26 30 16 19 l*t 16 - 11 16 13 23 18 - 10 15 10 Ik 
5 - 38 31 13 k2 66 k5 23 *t0 30 36 
6 - 35 3^ 22 71 Ik. 30 35 **5 ko 35 
7 - 31 *fl 30 77 0 31 k2 k$ 39 33 
8 - 38 k9 k7 85 0 " 51 61 kZ> 3k 9 
9 — 37 22 99 82 0 11 k5 k3 57 19 
10 - 17 2k 78 5^ 0 10 — Sk 3k 2 
11 - 28 7 60 86 0 0 — 3* 32 2 
12 - 20 1 27 67 0 2 — 38 30 0 
13 _ 11 8 20 56 0 0 - k2 20 0 
Ik - 10 6 23 65 0 — 0 2 8 0 
15 - k 1 3 19 0 - 0 Ik k 0 
16 mm k 0 9 7 0 — 0 0 0 0 
17 — 7 0 2 9 0 - 0 0 0 0 
18 - 11 0 9 0 0 - 0 0 0 0 
19 - — 0 0 0 0 - - 0 0 0 
20 - - 0 0 0 - - mm - 0 -
21. - - — 0 0 — - - — — -
22 - - — 0 0 — — ~ - — mm 
23 - - - 0 0 - - - - - -
* * * * * 
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Site empty 
Weeks before W1F W1F W1E W1E W1E WIG WIG WIG S1CT W1H 
and a f t e r 
l a y i n g 68 69 70 71 72 68 69 70 72 71 
18 _ mm _ 91 _ _ mm 100 _ mm 
17 - - — 92 - - mm 100 - -
16 - — - 68 - — mm 97 - -
15 - 73 - 16 - — - 81 - -
14 - 60 - 47 - - 64 - -
13 - 11 - 53 - - 17 20 - -
12 - 2 - 62 - - 21 6 - -
11 - 1 — 38 - - 21 10 - -
10 - 7 •-• 5 - - 37 15 - -
9 — 2 6 7 — - 89 17 — -
8 mm 78 - 15 • — 78 6 - -
7 mm 68 6 37 11 - 78 10 — -
6 — 78 2 8 4 - 83 6 - -
5 — 72 12 41 * — 45 7 - -
4 1 56 39 16 * - 22 11 - -
3 3 4 12 15 0 - 34 11 — -
2 0 3 * 3 • - 11 9 - -
1 0 • *T * * - 5 2 - — 
****** 
1 0 0 * 1 0 - * 1 - 0 
2 0 0 0 1. 0 - 0 * 0 * 
3 0 0 0 0 0 0 7 • 0 0 
4 0 0 2 0 0 0 0 1 0 0 
5 0 0 * 0 0 0 1 2 0 0 
6 0 0 * 0 0 1 26 15 0 * 
7 * * 3 0 * 14 44 92 2 13 
8 8 1 1 13 34 44 46 100 4 18 
9 48 1 6 12 27 93 69 98 7 n 
10 63 35 29 14 50 90 57 99 29 23 
11 64 68 50 26 78 90 72 100 39 31 
12 71 30 45 44 75 100 89 99 42 57 
13 85 36 68 56 70 - 100 95 39 67 
14 72 49 94 60 65 - 100 97 51 67 
15 99 51 100 64 98 - 100 95 69 76 
16 _ 68 100 70 100 - 100 99 95 91 
n? _ 74 100 80 100 - 100 100 93 81 
18 _ 89 100 92 100 - 100 100 92 91 
19 _ — 100 80 100 - 100 - 91 93 
20 _ 88 100 90 - - mm - 90 93 
21 _ 100 100 91 - - mm - 96 92 
22 100 _ 100 - - - - 99 99 
23 _ _ _ _ - - - - 100 100 
24 _ - - - - - - - 100 -
15* 
S i t e empty (Contd.) 
Weeks W1D W1D W1D E1D E1D 
70 71 72 69 70 
18 100 _ 
17 - - 100 - -
16 - - 100 - -
15 - - 100 - -
1* - - 100 - -
13 - - 100 - -
12 - - 100 - -
11 - - 100 - -
10 - - 100 - -
9 - - 100 - -
8 _ _ 100 - -
7 — _ 100 — - 2 
6 — _ 46 — * 
5 _ - 11 - 4 
* mm - 13 - 2 
3 - - 1 - 4 
2 - _ 1 — 0 
1 mm 0 - 0 
1 — 0 0 — 0 
2 - * 0 - 0 
3 - * 0 * 0 - 0 0 * * 
5 - 0 0 * 0 
6 - 0 0 0 0 
7 - 0 0 14 0 
8 - 0 2 32 • 
9 mm 5 *3 20 0 
10 - 30 65 20 * 
11 - 35 95 3* 3 
12 - 37 93 27 18 
13 a* 67 48 57 28 
14 - 68 61 47 36 
15 - 73 87 92 66 
16 - 83 93 86 72 
17 - 85 95 92 88 
18 - 84 98 85 97 
19 - - 99 97 95 
20 - - 100 99 98 
21 - - - 100 100 
22 - _ - 100 100 
23 - - - 100 100 
E1D W1B W1B W1B W1B W1B 
71 68 69 70 71 72 
96 
- — : — 
73 - - - 100 -
63 - — mm 100 -
29 - - - 100 -
9 mm - - 100 -
37 — - - 100 -
85 - - - 100 -
49 - - - 100 -
36 — - — 100 -
50 - — - 86 -
13 - - 9* 39 -
39 - - 96 27 -
6 — — 99 27 -
15 - - 22 6 -
0 * - 6 30 36 
0 * - 10 20 27 
1 0 - * * 21 
• 0 1 * 11 
* 0 1 • 0 * 
1 0 * * 0 0 
0 0 * 0 • 0 
0 0 * 0 0 0 
1 0 • * 0 * 
-17 3 * 12 * 17 
45 14 1 20 * 64 
*5 52 • 30 10 57 
49 71 - 32 23 79 
45 67 - 48 37 90 - 92 - 39 9 86 
100 - 44 27 77 
_ _ 100 66 60 86 
_ - 100 69 65 9* - - 100 97 96 99 
— - 100 100 100 100 - 100 100 100 100 - - — 100 100 100 
mm 
- 100 — 
— 
mm 
— 
mm-
— 
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Appendix 4. 
Comparisons of attendance and a c t i v i t y of d i f f e r e n t pairs 
W1F i n 1968 and 1969 Figs. 7 and 8 
This pair was breeding on this s i t e for the 13th and 14th successive 
seasons, and was the most experienced breeding pair i n the colony. 
Their pre-laying and post-breeding peaks of a c t i v i t y were higher 
than for any other pair studied. Also t h e i r steady and approximately 
equal attendance continued longer a f t e r laying than f o r other pairs 
(8 - 10 weeks). They obviously represent a highly-integrated pair. 
I n 1969 the "Kestrel depression" referred to i n Section I 
occurred i n A p r i l . The post-breeding resurgence of a c t i v i t y i n t h i s 
year was greater than i n 1968, but no reason other than a climatic 
one can be suggested f o r t h i s . 
W1E i n 1970, 1971 and 1972 Figs. 9, 10 and 11 
The f i r s t two of these years involved the same pair (the female 
coming from the pair discussed above), but i n the t h i r d year the 
female did not return and the male took a new mate. 
I n 1970 the very experienced female recorded a very high 
level of attendance throughout the season and indeed had been present 
on s i t e W1F e a r l i e r awaiting the return of her mate (see Fig. 19). 
The a c t i v i t y of the male pr i o r to laying was not very pronounced 
and hence the a c t i v i t y of the pair was f a i r l y low. This male had 
only bred once before and th i s was the f i r s t time that the pair 
had been together. 
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The post-breeding peaks of a c t i v i t y of this pair were 
much higher than the pre-laying ones, suggesting that the pair 
were becoming adjusted to one another. This seems borne out by 
the data for 1971. The female again recorded a high level of 
attendance, although not as high as the previous year. The 
a c t i v i t y of the male b u i l t up much e a r l i e r and to a f a r higher 
level than the previous season, producing a massive pre-laying 
a c t i v i t y peak f o r the pair. 
I n the next year the male had to take a new mate. 
His peak of a c t i v i t y occurred only j u s t before laying, although 
i t reached a high l e v e l . This suggests that although the pair 
were s t i l l becoming integrated, the breeding experience which he 
had accrued from previous seasons was improving his performance. 
The female had bred f o r four seasons previously (one year 
more than him) and recorded a normal attendance pattern. The post-
fledging a c t i v i t y peaks were also standard. 
WIG i n 1968, 1969 and 1970 Figs. 12 and 13 
The same pair was involved i n a l l three years on this s i t e . 
Only l i m i t e d information i s available f o r 1968, but i t i s noticeable 
that there was no post-breeding a c t i v i t y . 
I n 1969 the a c t i v i t y of the male was extremely feeble 
throughout the season. Normally a pair are together more than 
100 times i n the week before laying, but i n thi s pair the peak was 
reduced to less than 60 times per week. The male deserted during 
incubation and although he l a t e r returned to continue incubating, 
the eggs did not hatch. Once again there was no post-breeding 
peak of a c t i v i t y . 
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E a r l y i n 1970, before the a r r i v a l of her mate, the female 
e x h i b i t e d i n t e n s e a c t i v i t y a t the s i t e . T h i s might be due to her 
u n c e r t a i n t y or to s e a r c h i n g f o r a male. 
The a c t i v i t y of the male was again low and although the 
p r e - l a y i n g peak was a t t a i n e d , t h i s was mainly due to the a c t i v i t y 
of the female (the male only r e a c h i n g 60 v i s i t s / w e e k ) . L a t e r the 
male disappeared during i n c u b a t i o n and has not been seen s i n c e . 
The female, a f t e r very high s i t e attendance attempting to compensate 
f o r the absent male, r a p i d l y d e s e r t e d the s i t e . 
Thus, although the members of t h i s p a i r were experienced 
breeding b i r d s even b e f o r e they came together i n 1967, t h e i r co-
o r d i n a t i o n s u f f e r e d p r o g r e s s i v e d e t e r i o r a t i o n . T h i s was due i n 
l a r g e measure to the male, and although the female was able to 
compensate f o r some of h i s absences, there was probably l i t t l e 
she could do to s t i m u l a t e him to g r e a t e r a c t i v i t y . 
E1D i n 1970 and 1971 F i g s . .1+ and 15 
The a c t i v i t y of the female of t h i s p a i r was very s i m i l a r i n both 
y e a r s (around 20 v i s i t s / w e e k ) , as was her attendance ( r i s i n g to 
90 % p r i o r to l a y i n g ) . I n 1970 male attendance was a l s o high 
during the two months before l a y i n g , and h i s a c t i v i t y was q u i t e 
normal. 
The f o l l o w i n g y e a r , however, a f t e r a high peak of i n i t i a l 
p a i r a c t i v i t y i n l a t e January, the a c t i v i t y of the male was a t a 
l e v e l c o n s i d e r a b l y lower than i n 1970. T h i s produced a poor p r e -
l a y i n g peak f o r the p a i r . 
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The male attended regularly throughout incubation but he 
disappeared 6 weeks after laying, leaving the female with two chicks. 
He has not been seen since and has presumably died. The female 
successfully compensated for the absence of the male, recording 
very high levels of attendance, u n t i l she took a new mate 10 days 
afte r being deserted, whereupon her attendance dropped to more 
normal l e v e l s . 
The impending desertion of the male may have been indicated 
by his low a c t i v i t y before laying i f i t was due to h i s loss of 
"breeding drive". Alternatively, he may have been a i l i n g physically 
and eventually have died at sea. 
This pair were unusual i n that they were together 16 % and 
19 % of the f i r s t week of incubation i n the two years, whereas 
normally members of a pair only meet at the times they change 
parental duties during this period. Also, they consistently 
recorded a high rate of changeover during incubation (see Tables 40a 
and 40b). Both of these observations may suggest that the pair-bond 
was r e l a t i v e l y weak, requiring regular reinforcement to withstand the 
s t r a i n of incubation. 
W1B i n 1970, 1971 and 1972 Figs. 16 and 17 
The male concerned i n a l l three years was hatched at the colony 
and bred for the f i r s t time, aged 4 years, i n 1970. After breeding 
with the same female i n the f i r s t two years he took a new mate i n 
1972 when she f a i l e d to return. 
Although the male was a first-breeder and h i s mate had 
only bred once before, the pair's records for attendance and a c t i v i t y 
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were normal, although they started regular occupation of thei r s i t e 
only a few weeks before laying. 
The following year the pair occupied the s i t e only about 
7 weeks before laying, returning within a few days of each other. 
Occupation of the s i t e was immediate, with each bird spending about 
40 % of their time on the s i t e during the week af t e r a r r i v a l . 
The records for 1971 do not suggest any marked improvement 
i n the performance of the pair, despite the male now having bred 
before and the pair being more used to each other. This i s perhaps 
not surprising i n view of the very successful co-ordination achieved 
by the pair at th e i r f i r s t attempt. Some measure of compatibility 
i s l i k e l y to be necessary between the partners before this can happen. 
The male once more returned late i n the season i n 1972 
(about 10 weeks before laying) and had to take a new mate. This 
new female had only bred once before and appeared nervous on the s i t e . 
The male had to spend more time than normal on the s i t e before laying, 
possibly to encourage the female also to remain on the s i t e . The 
pair eventually bred quite successfully i n that season. 
W1D in 1970, 1971 and 1972 Fig. 18 
This male was also hatched at the North Shields colony and bred f i r s t 
aged 4 years on NIB i n 1969 ( for which some data e x i s t ) . The next 
year he transferred to s i t e W1D where he bred with a female of one 
year's breeding experience. This pair then bred for two further 
years on the same s i t e . 
The performance of the pair was quite successful i n the 
f i r s t instance and did not appear to improve r a d i c a l l y . This p a r a l l e l s 
the case on s i t e W1B mentioned above. A further p a r a l l e l e x i s t s i n 
the late return to their s i t e s of both p a i r s . 
On W1D the pair did not take up permanent occupation of 
the s i t e u n t i l as late as only 6 weeks before laying. The partners 
tended to return within a few days of each other. Despite their 
l a t e return the pair bred normally. 
Such late-returning pairs, although apparently successful, 
are uncommon among the population. They do, however, show that i t 
i s possible for inexperienced birds breeding together for the f i r s t 
time to successfully integrate the i r a c t i v i t i e s over a short period 
of time. 
W1C i n 1970 and 1971 
Information for t h i s inexperienced breeding pair was c o l l e c t i n g , 
using time-lapse photography. Both members of the pair bred for 
the f i r s t time i n 1970 and for the second time together i n 1971. 
In 1970 (Table 6) they occupied the s i t e only 5 - 6 weeks 
before laying t h e i r eggs, but despite t h i s they managed to r a i s e 
two'young to fledging. Their pattern of attendance was a normal 
one. 
Table 6. Weekly attendance of a pair breeding for the f i r s t time 
W1C 1970 
Weekly period 
ending 
15/4 
22 
29 
6/5 
13 
20 
27 
3/6 
**** E 
10 
17 
24 
1/7 
****. H 
8 
15 
22 
29 
5/8 
12 
19 
**** F 
26 
2/9 
9 
16 
23 
30 
Percentage of daylight 
spent on s i t e by 
Male 
0 
0 
0 
7 
34 
57 
43 
39 
45 
52 
29 
51 
51 
56 
54. 
46 
32 
18 
23 
14 
3 
0 
0 
0 
0 
Female 
0 
0 
15 
24 
33 
54 
56 
70 
.67 
48 
71 
49 
50 
.44 
43 
31 
9 
4 
1 
6 
1 
0 
0 
0 
0 
Pa i r 
0 
0 
0 
1 
14 
44 
16 
12 
12 
* 
* 
* 
* 
* 
* 
* 
0 
* 
0 
0 
0 
0 
0 
Percentage daylight 
that s i t e empty 
100 
100 
85 
70 
47 
33 
17 
3 
0 
0 
0 
0 
0 
0 
3 
23 
59 
78 
76 
80 
96 
100 
100 
100 
100 
*** E indicates egg-laying date; H = hatching date; F = fledging date 
* indicates present on s i t e but attendance les s than 1 % 
The attendance of male and female partners includes their 
attendance as members of the pair 
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Table 7. Weekly attendance of a pair breeding for the second time 
W1C 1971 
Weekly period 
ending 
Male 
20/3 7 
27 82 
3/4 81 
10 74 
17 67 
24 69 
1/5 66 
8 55 
15 38 
* * * * E 
22 52 
29 37 
5/6 49 
EGGS STOLEN 
12 37 
19 19 
26 9 
3/7 28 
Percentage of daylight 
spent on s i t e by 
Female Pair 
3 3 
91 75 
71 54 
85 59 
58 25 
72 44 
60 26 
59 14 
80 18 
49 1 
62 * 
51 * 
30 
11 
5 
24 
Percentage daylight 
that s i t e empty 
93 
2 
2 
* 
3 
* 
0 
0 
0 
0 
0 
EGGS STOLEN 
2 35 
0 70 
2 88 
4 52 
* * * * E indicates the date of egg-laying 
* indicates that the bi r d ( s ) were present or absent 
but the value was less than 1 % 
The attendance of male and female partners includes th e i r 
attendance as members of the pair 
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Table 8. Pair a c t i v i t y and nest-building before egg laying 
i n a pair breeding for the f i r s t time 
W1C 1970 
Weekly Weeks Pair a c t i v i t i e s Nest-building a c t i v i t i e s 
period 
ending 
before 
laying Cops Begs Feeds C a l l s 
A 
m f 
B 
m f 
C 
m f 
D 
m f 
E 
m f 
15/4 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
22 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
29 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6/5 5 0 0 0 0 0 0 2 0 0 0 0 0 0 0 
13 4 0 5 0 2 0 0 4 0 1 0 0 0 0 0 
20 3 2 2 0 5 0 0 3 0 0 2 0 0 0 0 
27 2 3 13 3 2 3 13 0 0 1 3 0 3 0 2 
3/6 1 13 8 1 1 20 35 2 2 1 0 0 1 0 24 
Column headings : 
Cops = copulation attempts 
Begs = food-begging attempts 
Feeds = successful courtship feeds 
C a l l s = mutual c a l l i n g between pair members 
A = sideways and frontal building 
B = pecking at the nest 
C = manipulating nest material 
D = paddling (also c a l l e d trampling) 
E = bracing/scraping (forming the nest cup) 
m and F indicate that the a c t i v i t y was performed by the male 
or the female respectively 
Information obtained by time-lapse photography and 
hence the weekly totals above are for the daylight 
period only 
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Table 9. Pair a c t i v i t y and nest-building before egg-laying 
i n a pair breeding for the second time 
W1C 1971 
Weekly Weeks F a i r a c t i v i t i e s Nest-building a c t i v i t i e s 
period 
ending 
before 
laying Cops Begs Feeds C a l l s 
A 
m f 
B 
m f 
C 
m f 
D 
m f 
E 
m f 
20/3 9 0 4 0 3 0 0 0 0 2 0 0 0 0 0 
27 8 1 3 0 6 0 0 3 3 2 0 0 0 0 0 
3/4 7 1 10 1 17 0 0 1 12 0 0 0 0 0 0 
10 6 5 4 1 14 0 1 3 13 1 1 0 0 0 1 
17 5 1 8 0 7 1 2 6 7 2 1 0 0 0 0 
24 4 2 3 0 13 0 2 5 12 3 0 1 1 0 0 
1/5 3 5 10 1 9 3 12 4 6 0 2 2 1 3 6 
8 2 11 36 3 5 Large percentage of the 
15 1 13 48 16 8 daylight period 
Column headings : 
Cops = copulation attempts 
Begs = food-begging attempts 
Feeds = successful courtship feeds 
C a l l s = mutual c a l l i n g between pair members 
A = sideways and frontal building 
B = pecking at the nest 
C = manipulating nest material 
D = paddling (also c a l l e d trampling) 
E = bracing/scraping (forming the nest cup) 
m and f indicate that the a c t i v i t y was performed by the male 
or female respectively 
Information obtained using time-lapse photography and 
hence the weekly totals above are for the daylight 
period only 
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The following year (Table 7) they occupied the s i t e much e a r l i e r 
and recorded much higher attendances. The two eggs were l a i d 
normally but stolen by vandals three weeks after laying. This 
immediately resulted i n the s i t e being l e f t vacant for much of 
the time, and although the pair were present together for a further 
5 - 6 weeks, thereafter only the male was seen occasionally. 
The very low le v e l s of pair a c t i v i t y and nest-building 
a c t i v i t y i n 1970, prior to egg-laying (Table 8 ) , may well be linked 
to the lack of breeding experience of the two partners. 
In 1971, not only do these a c t i v i t i e s s t a r t much e a r l i e r , 
but they reach much higher l e v e l s (Table 9 ) . I t i s i n t e r e s t i n g to 
note that the number of copulation attempts j u s t before laying was 
the same i n both seasons. 
E1C i n 1970 and 1971 
The male non-breeding pa i r bred f i r s t aged 5 years i n 1966 on s i t e 
E1C and bred there u n t i l 1968. From 1969 to 1971 he occupied the 
s i t e with a mate, but the pair did not lay any eggs. 
The female bred from 1963 to 1967 on the adjacent s i t e . 
From 1968 u n t i l 1971 she was paired (from 1969 with the male above) 
but did not lay. 
Information was collected using the time-lapse photographic 
method i n 1970 and 1971. In 1970 the pair occupied the s i t e early 
and regularly, remaining together on the s i t e for much of the time. 
Thereafter, however, they showed a reversal of the normal trend and 
l e f t the s i t e almost unoccupied at the peak laying time for the 
population. After another period of s i t e occupation the pair 
deserted the s i t e i n June and July. 
In 1971 the pair again returned early to the s i t e and 
spent much time on i t together. However, about 5 weeks before 
the mean laying date for the colony the male attendance decreased 
and eventually the female also disappeared from the s i t e almost 
e n t i r e l y . Regular checks i n both years ensured that the pair were 
not present elsewhere i n the colony. 
The pair returned to their s i t e at the time when chicks 
were present at the colony and they remained l a t e into the season. 
This late attendance recorded i n 1971 was not seen i n 1970 although 
the e a r l i e r part of the season was sim i l a r i n both years. 
In the following year the pair once more returned to the 
s i t e early i n the season, but the male was shot by vandals on 
21 February. The female then moved to an adjacent s i t e where 
she paired' and bred successfully. 
Examination of the male revealed that a fish-hook had 
perforated h i s gut and encysted, displacing the testes and kidneys. 
This may well have accounted for his poor breeding performance in 
recent years, despite previous breeding success. 
In both years pair a c t i v i t i e s were few, consisting mainly 
of mutual c a l l i n g . No copulation attempts were recorded and no 
attempt was made i n either year to build a nest. The pair spent 
most of their time on the s i t e j u s t standing, either alone or 
together. 
Table 10. Attendance of the non-breeding pair on s i t e E1C i n 1970 
(Information obtained for the daylight period only, 
using the time-lapse photographic technique) 
Weekly period Percentage of daylight Percentage daylight 
ending spent on s i t e by that s i t e empty 
Male Female P a i r 
5/3 64 62 36 10 
12 82 59 44 3 
19 62 67 34 5 
26 66 63 33 4 
2/4 54 56 29 19 
9 60 64 31 7 
16 62 53 23 8 
23 4.0 35 11 36 
30 33 7 1 61 
7/5 35 46 10 29 
14 3 2 1 96 
******** 
21 41 25 4 38 
28 66 56. 26 4 
4/6 47 24 3 32 
11 24 3 2 75 
18 4 2 1 95 
25 0 0 0 100 
2/7 0 0 0 100 
9 3 0 0 97 
16 0 0 0 100 
23 0 0 0 100 
30 6 * * 94 
6/8 0 0 0 100 
13 0 0 0 100 
20 0 0 0 100 
27 0 0 0 100 
Percentage attendances of male and female include their 
attendance as part of the pair 
******** indicates the mean laying date for the colony. 
* indicates present at the s i t e but les s than 1 % attendance 
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Table 11. Attendance of the non-breeding pair on s i t e E1C i n 1971 
(Information obtained for the daylight period only, 
using the time-lapse photographic technique) 
Weekly period 
ending 
Male 
19/2 49 
26 38 
5/3 38 
12 62 
19 .32 
26 .21 
2/4 29 
9 19 
16 6 
23 15 
30 15 
7/5 3 
14 3 
******** 
21 1 
28 0 
4/6 0 
11 0 
18 * 
25 0 
2/7 .29 
9 28 
16 22 
23 52 
30 .46 
6/8 25 
Percentage of daylight 
spent on s i t e by 
Female 
44 
48 
58 
77 
42 
47 
63 
6.5 
33 
22 
38 
24 
10 
16 
* 
0 
* 
0 
0 
19 
20 
18 
15 
21 
21 
Pair 
28 
29 
31 
48 
18 
2 
3 
2 
1 
4 
13 
13 
1 
0 
0 
0 
0 
0 
0 
14 
13 
9 
10 
11 
10 
Percentage daylight 
that s i t e empty 
35 
43 
35 
9 
44 
34 
11 
19 
62 
66 
60 
60 
88 
83 
99 
100 
99 
99 
100 
75 
65 
69 
43 
44 
64 
Percentage weekly attendance of male and female 
include their attendance as part of the pair 
******** indicates the mean laying date for the colony 
* indicates present at the s i t e but l e s s than 1 % attendance 
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W1H in 1971 and W2I i n 1972 
The male of this pair was ringed as a chick at the Dunbar colony 
in East Lothian, Scotland, i n 1960 and bred f i r s t at North Shields 
i n 1965. The female bred f i r s t i n 1960 and has bred with the 
male above since 1967. 
I n 1967 and 1968 the pair bred on s i t e W21, the male 
having moved down one window from s i t e WlH and the female from the 
adjacent W2H s i t e . They moved up again to WlH where they bred in 
1969, but down the following year to breed on s i t e W2J. They were 
radioactively ringed in 1971 when they bred on WlH i n a manner 
normal for a well-integrated pair. The male was only once recorded 
on s i t e W2I during t h i s season. 
Upon thei r return i n 1972 the pair spent most time on WlH 
early i n the year but were also recorded regularly on W2I where they 
had bred some seasons previously. The a c t i v i t y of the male was very 
high as he alternated between the two s i t e s , but the female remained 
more on WlH (Tables 12 and 13). 
This unwillingness of the male to remain on one s i t e 
appeared to unsettle the female. She started to build nests on both 
s i t e s but only the one on W2I was completed two weeks before laying. 
At this point the female transferred to W2I where she eventually l a i d 
her eggs, and although the male regularly v i s i t e d WlH, once incubation 
had started he confined h i s v i s i t s to the colony to s i t e W2I. 
The female disappeared during the second week after hatching, 
leaving the male to r a i s e and fledge two chicks successfully. His 
a c t i v i t y at this time was extremely high and he was often present on 
WlH displacing an unmated female which had occupied this s i t e (see 
Table 15). Possibly this enabled him to escape from the begging 
pressure of the chicks while s t i l l remaining close enough to defend 
them i f necessary. 
173 
Thereafter h is attendance at the colony waned rapidly, 
although he continued to frequent both s i t e s . Such behaviour 
could only occur on edge s i t e s since the more intense competition 
for s i t e s i n the centre of the colony would make defense of more 
than one s i t e extremely d i f f i c u l t . 
Much of the pre-laying behaviour of this pair was, 
therefore, carried out on a s i t e where they did not lay their eggs. 
The pair was, however, a well-established one consisting of experienced 
individuals, and l a i d on a s i t e where they had bred before. This 
suggests that the s i t e may only be important as a focal point for 
the a c t i v i t i e s of the pair. 
The attendance of unmated females 
Female j on s i t e W1F i n 1970 
This female returned i n 1970 to the s i t e where she had bred with 
the same male since 1956. He f a i l e d to return but she spent an 
increasing amount of time on the s i t e during February, culminating 
i n a week of almost t o t a l attendance (Fig. 19 i n Section I ) . 
She then moved to an adjacent s i t e where she paired and 
bred successfully with another male i n 1970 and 1971. The very 
high attendance recorded while awaiting the return of her mate 
probably r e f l e c t s the strength of a pair-bond established over 
14 breeding seasons. 
17^ 
Female 1 on s i t e s WIG i n 1971 and W1H i n 1972 
The d e t e r i o r a t i o n of the p a i r c - 1 on s i t e WIG from 1968 
to 1970 has been d i s c u s s e d e a r l i e r , and r e s u l t e d i n the 
disappearance of the male i n 1970. I n the following year 
the female returned to WIG where the p a i r had bred f o r four 
y e a r s . Although the s i t e was already occupied and defended, 
by a p a i r which e v e n t u a l l y bred there, records show her present 
very i n t e r m i t t e n t l y on the s i t e from January through to A p r i l 
(Table 1*0. She was not subsequently seen a t the colony 
that year. 
I n 1972 she returned to WIG which was again occupied 
by a breeding p a i r . A f t e r u n s u c c e s s f u l l y attempting to 
e s t a b l i s h h e r s e l f there, she occupied a number of s i t e s 
b r i e f l y before s e t t l i n g on s i t e W1H. 
I n i t i a l l y she was frequently scared o f f the s i t e by 
a male which was defending t h i s s i t e as w e l l as s i t e W2I, 
but once he became caught up i n the care of eggs and c h i c k s 
on h i s breeding s i t e she was able to occupy s i t e W1H f i r m l y 
(Table 15). Indeed, during t h i s undisturbed period she 
recorded over 80 % attendance, and even when the male began 
again to d i s p l a c e her from the s i t e , she was present r e g u l a r l y 
throughout August and i n t e r m i t t e n t l y i n t o October. 
T h i s behaviour i s probably only p o s s i b l e on edge s i t e s 
s i n c e competition f or s i t e s i n the centre of the colony i s more 
i n t e n s e . The apparent attachment of an unmated female to a 
s i t e suggests the p o s s i b i l i t y t h a t some older females may 
develop as "matriarchs", and t h i s i s d i s c u s s e d f u r t h e r i n 
Se c t i o n I . 
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Table 12. Weekly attendances by a p a i r occupying two s i t e s 
( P a i r h - t on s i t e s W1H and W2I i n 1972) 
Weekly Male Female P a i r S i t e empty 
period 
ending W1H W2I W1H W2I W1H W2I W1H W2I 
18/1 20 4 2 78 
25 22 11 9 75 
1/2 37 44 19 38 
8 35 13 6 60 
15 24 22 12 66 
22 39 50 33 44 
29 49 63 36 24 
7/3 34 55 20 32 
14 54 48 35 32 
21 38 13 11 60 
28 42 16 12 55 
4/4 19 1 0 81 
11 39 30 15 46 
18 59 30 15 26 
25 54 22 18 51 6 9 34 18 
2/5 22 6 9 12 1 0 70 82 
9 20 2 29 8 6 1 57 89 
16 36 - 3^ 20 - 50 — 
23 19 - 9 2 - 49 -****** Jj. 
30 3 - 0 0 _ 30 — 
6/6 - 59 - 45 4 - 0 
13 - 51 - 50 1 - 0 20 0 55 0 45 0 0.5 18 0 
27 0 57 0 45 0 2 15 0 
V7 3 70 0 12 0 0.4 37 18 
11 7 56 31 44 
18 9 23 FEMALE 30 77 
25 8 6 53 94 
1/8 0 4 DISAPPEARED 16 96 
8 l 15 48 85 
15 0 0 FROM 45 100 
22 2 4 66 96 
29 2 1 COLONY 74 99 
5/9 2 0 92 100 
12 0 0 98 100 
19 1 * 96 99 
26 0 • 100 99 
3/10 0 0 100 100 10 0 .3 * 99 99 
17 0 0 100 100 
24 0 0 100 100 
31 0 0 100 100 
****** E i n d i c a t e s the date of egg-laying f or t h i s p a i r (on W2I). 
* i n d i c a t e s presence but at very much l e s s than 1 % attendance 
A l l f i g u r e s represent percentage weekly attendances, and the 
attendances of male and female include t h e i r attendance as 
members of the p a i r . A dash i n d i c a t e s that no information 
was a v a i l a b l e f or that week, and there are no records f or 
s i t e W2I before 19/4. 
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Table 13. Weekly totals of v i s i t s to s i t e s WlH and W2I i n 
1972 by the members of a pair occupying both s i t e s 
i r . n . . Male Female Pair Weekly period 
ending WlH W2I WlH W2I WlH 
18/1 43 21 4 
25 52 14 24 
1/2 67 18 40 
8 74 21 29 
15 66 38 35 
22 82 34 66 
29 80 29 51 
7/3 121 45 46 
14 120 11 44 
21 164 7 3 
28 178 14 14 
4/4 114 1 0 
11 142 22 38 
18 177 35 78 
25 166 131 46 29 47 
2/5 96 34 32 44 7 
9 119 32 37 46 81 
16 60 - 28 71 
23 109 - 11 30 ****** E-
30 28 — 0. 0. 
6/6 - 57 - 10 
13 - 23 - 6 20 0 9 0 5 0 
27 0 32 0 26 0 
4/7 72 149 0 16 0 
11 100 255 
18 77 248 
25 46 163 FEMALE ****** pi 
1/8 0 66 DISAPPEARED 
8 3 50 
15 0 0 FROM 22 7 12 
29 3 2 COLONY 
5/9 2 0 
12 0 0 
19 2 1 
26 0 2 
3A0 0 0 
10 1 2 
17 0 0 
24 0 0 
31 0 0 
W2I 
90 
0 
6 
66 
29 14 
57 
31 
A l l figures represent the number of v i s i t s per week, and i n the 
case of the pair i t i s the number of times per week that the pair 
came together on the s i t e . 
****** E indicates the date of egg-laying and F that of fledging 
of the chicks. A dash indicates that no data were 
available. 
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Table Ik. V i s i t s of an unpaired female t o s i t e WIG i n 1971 
Weekly period Number of mins Number of v i s i t s 
ending spent on s i t e made to s i t e 
1 9 / 1 32 1 
26 155 11 
2 / 2 5k 9 
9 0 0 
16 38 5 
23 63 3 
2 /3 36 k 
9 27 2 
16 0 0 
23 0 0 
30 0 0 
6/k 10? 2 
13 0 0 
20 0 0 
27 0 0 
V 5 0 0 
This s i t e was occupied r e g u l a r l y by the p a i r which eventually 
bred there i n 1971 t from the l a s t week i n January onwards. 
Most of the v i s i t s t o the s i t e , recorded above, were made 
by the unmated female i n the e a r l y morning (around dawn) 
or j u s t a f t e r sunset. 
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Table 1 5 . Attendance and a c t i v i t y at s i t e W1H i n 1972 by an 
unmated female and by the breeding male from W2I 
Weekly 
period 
ending 
Unraated 
Attendance 
(%) 
female 
V i s i t s 
Breeding 
Attendance 
(%) 
male 
V i s i t s 
Si 
emp 
23 /5 25 57 19 109 56 
30 /5 67 ^3 3 28 30 
No i n f o r m a t i o n a v a i l a b l e during the i n t e r v e n i n g period 
2 0 / 6 82 63 0 0 18 
27 85 12k 0 0 15 
V 7 60 80 3 72 37 
1 1 63 67 7 100 3 1 
18 6 1 59 9 77 30 
25 ko 104 8 k6 53 
1/8 6k 68 0 0 16 
8 50 70 1 3 48 
15 55 kl 0 0 **5 
22 32 26 2 7 66 
29 2k 17 2 3 7k 
5 / 9 6 10 2 2 92 
12 2 6 0 0 98 
19 3 1 1 1 2 96 
26 0 0 0 0 100 
3 / 1 0 0 0 0 0 100 
10 0 . 3 3 0 .3 1 99 
The unpaired female was f i r s t seen at the colony on 2k January, 
and subsequently on a number of d i f f e r e n t s i t e s . She was f i r s t 
recorded on t h i s s i t e on 21 A p r i l but d i d not occupy i t 
r e g u l a r l y u n t i l 13 May. 
The male bred successfully on s i t e W 2 I , but h i s mate disappeared 
on 1 July when the chicks were 8 - 1 0 days of age. He subsequently 
r a i s e d both chicks to f l e d g i n g alone. 
Neither i n d i v i d u a l was seen a f t e r 10 October, and monitoring of 
the s i t e was discontinued on 6 November. 
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APPENDIX 5 . Percentage hourly d i s t r i b u t i o n of the s t a r t 
of incubation s t i n t s 
Hour s t i n t S t i n t s l a s t i n g overnight Daytime s t i n t s 
s t a r t e d Male Female Total Male Female Total 
0001-0100 0 0 0 0 0 0 
-0200 0 0 0 0 1 0 .25 
-0300 0 0 0 1 1 1 
-OifOO 0 0 0 3 if 3 
-0500 1 k 3 9 10 10 
-0600 2 5 if 23 23 23 
-0700 1 if 3 11 10 1 1 
-0800 2 1 1 7 5 7 
-0900 1 1 1 5 if 5 
-1000 if 1 2 8 6 7 
-1100 2 0 1 if if if 
-1200 if 1 2 6 3 5 
-1300 if if if 6 6 6 
-lifOO 10 6 7 5 if if 
-1500 7 6 7 if 5 5 
-1600 11 1 1 1 1 2 6 if 
-1700 6 13 10 1 if 2 
-1800 12 12 12 3 1 2 
-1900 10 9 9 1 2 1 
-2000 12 8 10 1 0 0 . 5 
-2100 5 10 8 0 1 0 .25 
-2200 k k if 0 0 0 
-2300 2 1 1.. 0 0 0 
2301-2400 2 1 1 0 0 0 
Sample sizes 113 15^ 267 217 175 392 
An overnight s t i n t was one during which the b i r d was incubating 
at midnight ( 2 i f 0 0 ) . A daytime s t i n t was any other period of 
in c u b a t i o n . 
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APPENDIX 6 . Number of times per day t h a t partners a l t e r n a t e d 
incubation d u t i e s during the course of incubation 
(changeover r a t e ) 
Day of 
incubation 
Mean 
rat e Day 
Bates 
Hatched Failed to hatch 
1 8.29 
2 8.17 26 2 .00 1.3 
3 7.11 27 2 . 3 1 2 .0 
4 5 . 56 28 3 . 76 1.8 
5 4 . 67 29 5 .29 1.5 
6 3.53 30 5.41 1.5 
7 3 . 1 9 31 6 . 1 3 1.5 
8 3 . 19 32 6 . 1 3 2 .0 
9 2.86 33 5.88 1.5 
10 3 . 05 34 5 .94 1.3 
11 2 .43 35 5.94 1.8 
12 2 . 8 1 36 6 . 67 1.8 
13 2 . 52 37 5 .69 2 .0 
14 1 . 9 0 38 6 . 19 2 .0 
15 2.55 39 6 .40 1.7 
16 2.41 
17 1.95 95 % confidence l i m i t s l i e between 
18 1 . 8 2 i 25 - 45 % of mean r a t e s 
19 2.00 
20 2 . 0 9 
21 1.95 
22 1.77 
23 1 . 5 0 
24 1.73 
25 1.77 
Hatching s t a r t s 
The f i r s t egg was l a i d on day 1 of i n c u b a t i o n . Means cal c u l a t e d 
f o r 22 p a i r s up to day 25 when hatching s t a r t e d . Thereafter f o r 
17 p a i r s whose eggs hatched, and separately f o r 4 p a i r s whose 
eggs f a i l e d t o hatch. 
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APPENDIX 7 . D i u r n a l i t y i n times of changeover during 
and a f t e r incubation 
Hourly period Number of changeovers 
During incubation A f t e r hatching 
0001-0100 5 22 
0101-0200 4 12 
0201-0300 12 19 
0301-0400 33 54 
0401-0500 116 128 
0501-0600 245 94 
0601-0700 164 68 
0701-0800 109 74 
0801-0900 77 104 
0901-1000 71 . 93 
1001-1100 59 99 
1101-1200 73 86 
1201-1300 94 118 
1301-1400 97 93 
1401-1500 99 90 
1501-1600 112 105 
1601-1700 121 95 
1701-1800 122 114 
1801-1900 109 110 
1901-2000 .79 108 
2001-2100 66 79. 
2101-2200 31 56 
2201-2300 9 41 
2301-2400 8 3 1 
Totals 1915 1893 
During incubation : from the day on which the f i r s t egg was 
l a i d u n t i l the day before i t hatched 
A f t e r hatching : the 20 days a f t e r the f i r s t egg had 
hatched 
Totals are f o r a l l 22 pair-years from 1968 - 1 9 7 2 . 
Mean of 87 changeovers/pair/years during the incubation p e r i o d . 
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APPENDIX 8 Common and s p e c i f i c names of animals mentioned 
Common name Sp e c i f i c name 
Adelie Penguin Pygoscelis adeliae Hombron & Jacquinot 
Bengalese Finch Lonchura s t r i a t a 
Black Guillemot Cepphus g r y l l e L. 
Black Noddy Anous t e n u i r o s t r i s Temminck 
Budgerigar Melopsitacus undulatus Shaw 
Canary Serinus canaria L. 
Carmine Bee-eater Merops nubicoides 
Common Guillemot U r i a aalge Pontoppidan 
Common Tern Sterna hirundo L. 
Crested Tern Sterna b e r g i i Lichenstein 
F a i r y Tern Gygis alba Sparrman 
Fulmar Fulmarus g l a c i a l i s L, 
Gannet Sula bassana L. 
Gul l s : 
B l a c k - b i l l e d Larus b u l l e r i 
Black-headed L. ridibundus L. 
C a l i f o r n i a L. c a l i f o r n i c u s Lawrence 
Common L. canus L. 
Glaucous-winged L. glaucescens Naumann 
Greater Black-backed L. marinus L. 
Herring L. argentatus Pontoppidan 
Iceland L. glaucoides Meyer 
I v o r y Pagophila eburnea Phipps 
K i t t i w a k e , Black-
legged Rissa t r i d a c t y l a L. 
K i t t i w a k e , Red-
legged Rissa b r e v i r o s t r i s Bruch 
Laughing Larus a t r i c i l l a L. 
Lesser Black-backed L. fuscus L. 
Red-billed L. novaehollandiae Forster 
scopulinus 
Swallow-tailed Creagrus furcatus Neboux 
Thayer's Larus t h a y e r i Brooks 
V/e stern L. o c c i d e n t a l i s Audubon 
House Sparrow Passer domesticus L. 
Indigo Bunting Passerina cyanea 
K e s t r e l Falco tinnunculus L. 
L i t t l e Auk Plotus a l l e L. 
Mallard Anas platyrhynchos L. 
Ring Dove S t r e p t o p e l i a r i s o r i a L. 
Rook Corvus f r a g i l e g u s L. 
Royal Tern Sterna m. maxima Boddaert 
Sandwich Tern Sterna sandvicensis Latham 
Shag Phalacrocorax 
a r i s t o t e l i s L. 
S t a r l i n g Sturnus v u l g a r i s L. 
White-flanked F l y -
catcher B a t i s m o l i t o r 
Zebra Finch Poephila g u t t a t a 
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